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THE THERAPEUTIC USE OF ANTITOXIN IN EXPERIMENTAL 

TETANUS* 

Harris B. Shumacker, Jr., M.D., Warfield M. Piror, M.D., and 
Austin Lajioxt, M.D., Baltimore, Md. 

(From the Surgical Hunterian Laboratory, the Johns Hopkins University) 

T he widespread prophylactic use of tetanus antitoxin has very 
effectivelj’- reduced the incidence of clinical tetanus. The results 
during the last World War, furthermore, proved conclusively that 
tetanus ensuing after the prophylactic administration of antitoxin tends 
to be mild in character, with a long period of incnbation and a lowered 
mortality.^ The introduction of active immunization with tetanus 
toxoid on a large scale undoubtedly will further decrease the occurrence 
of this disease. Nevertheless, cases still occur and the problem of treat- 
ment remains an important and to a large degree an unsolved one. 

Recent studies have put the pathogenesis of tetanus on a sound basis 
and have made the problem of treatment more rational than formerly. 
Serious doubt has been cast upon the nerve carriage theorj'^ which has 
long domuiated the experimental literature and which has so influenced 
the clinical concept of the disease and of its treatment.^'® Tetanus, in 
our view, is a disease with dual manifestations: (1) stiffness or rigiditj’’ 
of muscles due to the direct action of the toxin upon the peripheral 
nerve organs in muscle tissue and (2) reflex spasms due to the action 
of toxin on the motor cells of the central nervous system. Local tetanus 
is char acterized by the local spread of toxin through a muscle or groups 

FouJdation®'^'^ l>>’ a erant from the John and Mary R. Markle 

Fe^uaiT ^o'and 'lo! Society of University Surgeons at New York, N. Y.. 


1 


Copyright, 1940, by The C. V. Mosby Company 
(All rights reserved) 


Pr/nted in tlie 
United States of America 


Press of 

The C. V. i(oshy Comjyany 
St. Louis 



SHUMACKER, JR., ET AL. : 


ANTITOXIN IN TETANUS 


3 


of antitoxin in the blood-vascular sj’^stem of an animal against tetanus 
toxin in general and specificallj’’ against toxin introduced by various 
routes. We were also desirous of learning whether the efficacy of anti- 
toxin varied in tetanus-sensitive and tetanus-resistant species. AVe shall 
summarize the results of these studies.^'*^' 

The protecting value of antitoxin varies, for some unknown reason, 
in different species. Antitoxin is less effective in the very tetanus- 
sensitive guinea pig than in the slightly less sensitive mouse and is still 
less effective than in the tetanusu-esistant dog and cat; and yet the 
variation is not directly proportional to the sensitivity or resistance of 
the species. It cannot be accounted for on the basis of the difference in 
the lethal dose in the various species, nor on the basis of difference in 
concentration of the antitoxin. This relative inefficiency of antitoxin in 
protecting against toxin in sensitive animals (man is probably of the 
same order of sensitivity as the guinea pig and the monkey) is of no 
real consequence as far as its clinical application is concerned, for the 
same effect can be easily obtained by giving a sufficiently large amount 
of antitoxin. 

A given amount of antitoxin will protect against from two to eight 
times more toxin if the two are mixed in vitro before injection than if 
they are delivered directly into the blood stream. This we interpret 
as meaning that, given a certain amount of toxin and a slight excess of 
antitoxin (as measured by the “in vitro protecting value”) in the blood 
of an animal, each molecule of toxin is not completely neutralized 
instanter, thus affording an opportunity for some molecules of toxin to 
escape into the central nervous system (and other tissues) where fixa- 
tion and perhaps alteration may occur so rapidly that they cannot 
^ become neutralized unless there is a sufficient excess of antitoxin. Abel 
and his co-workers^“ have demonstrated that some of the toxin which 
finds its waj'^ into the blood stream of animals passes rapidlj’^ out of it 
and becomes fixed in the tissues in an unrecoverable state. Thej'^'^ 
presented evidence to support their suggestion that fixed toxin actually 
can be neutralized, provided, however, that the antitoxin is available 
before a certain portion of the incubation period has elapsed and pro- 
vided that a large excess of antitoxin is present.! In speaking of toxin 
which is circulating in the blood-lymph system, Abel and Chalian’^ state 
that it is as completely and easily neutralized by injected antitoxin as 
would be the case in an in vitro experiment. Although our experiments 
M'ould indicate that this statement is not quantitatively true, it is abso- 
lutely correct in principle, since the toxin requires onlj^ a sufficient 
amount of antitoxin for its speed}' and complete neutralization. 


the antitoxin was given intravenously immediately before the 


•In these studies 
toxin was injected. 

Yin opposed to the concepts of earlier workers who believed thnt 

110 fixed toxm could be neutralized by antitoxin.»-=» nvuo oeiieNea that 
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of contiguous muscles with poisoning of the nerve end organs and conse- 
quent stiffness. The rigidity of the musculature in general tetanus is 
due to the diffuse distribution of the toxin by way of the blood stream 
to the end organs of many voluntary muscles. The convulsive mani- 
festations of the disease and in most eases death are due to the deposition 
of blood-borne toxin in the central nervous system.-’^® Since the toxin 
is distributed throughout the body and into the central nervous system 
by the blood-lymph system, it is obvious that the direct blocking of 
peripheral nerves with antitoxin as advised long ago by von Behring^^ 
has no rational basis. The demonstration in experimental animals by 
Abel and his associates^'’ that antitoxin has no therapeutic effect, once 
a lethal amount of toxin lias been fixed by the body tissues and the 
period of incubation has passed, has made it clear why certain patients 
with tetanus are apparentl.v beyond lielp. The theory of the alteration 
of tetanus toxin in the central nervous system into a new lethal agent 
and the ineffieacy of tetanus antitoxin, once a fatal dose of toxin has 
been fixed in the cord or brain stem and sj^mptoms iiave developed, like- 
wise point to the futility of treatment in such cases.®’ But, since there 
is no method by which we can determine whether a given patient with 
tetanus has or lias not already fixed a lethal amount of toxin, we must 
continue to treat actively all patients in the hope of curing those who 
are not already doomed and who might otherwise die. 

In an effort to understand better the action of tetanus antitoxin, we 
have been engaged for several years in a series of e.xperiments. Certain 
of these have been previousl.v described.*® Others dealing with the pro- 
jecting value of antitoxin against toxin introduced by various routes will 
be reported in detail shortly,** together with a full discussion of re- 
lated problems. In the present communication we shall first discuss 
some of these general problems relating to antitoxin and shall then 
present fully some studies concerning the best mode of administration 
of antitoxin as a therapeutic agent. 

GENERAL CONSIDERATIONS 

Tetanus antitoxin is standardized in this counti’y in terms of the 
American unit. One American unit of tetanus antitoxin is, by defini- 
tion, ten times that amount of antitoxin wliieh, when mixed in vitro for 
one hour with a standard test dose of toxin (equivalent to 100 minimal 
lethal doses) and then in.iccted subcutaneously, will for four days pre- 
vent the death of a SoO Gm. guinea pig.* The standardization of anti- 
toxin is on a sound basis and is especially accurate in this country where 
a single test toxin is employed.*®-’® But the simple definition of the anti- 
toxic unit tells us little or nothing of the behavior of antitoxin in the 
animal body. We were especially anxious to know the relative efficacy 

•Control studies are done slrnult.meousl}- with a standard antitoxin of known 
strenRth. 
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We liave suggested"” that natural resistance to tetanus may depend 
upon the species ability to prevent the fixation within the cential neii ous 
system of an amount of toxin which will cause death.*' Certain con- 
siderations, furthermore, make it appear plausible that a similar im- 
portant mode of action may be utilized in acquired active and passive 
immunity. 

Once tetanus toxin is being deposited in the central neurons the great 
problem is its neutralization before it has become fixed or altered or 
during the early phase of fixation when it is still neutralizable. In 
contrast with this veiy difficult problem we have demonstrated that 
free toxin in the skin, suhcutaneous tissues, muscles, or blood is readily 
and completely neutralized bj’ tlie simple administration of a sufficient 
quantity of antitoxin intravenously, f What is the best manner of bring- 
ing as much antitoxin as possible as quickly as possible to the central 
nervous system? 


EXPERIMENTS CONCERNING THE BEST METHOD FOB THE THERAPEUTIC 
ADMINISTRATION OF TETANUS ANTITOXIN 


Experiment 1 (Table I). — Twenty-one hours after the injection of 
2 G-P LD50’s of tetanus toxin into the thigh muscles of guinea pigs, 
varying amounts of antitoxin were injected into the cisterna in one 
group and into a vein in another. In the group in which the animals 
received antitoxm by intracisternal injection only the single animal 
which received 1 unit of antitoxin died, and all those which received 2 
or more units survived. In contrast to this, only those animals in the 
group receiving antitoxin intravenously which were given 20 units or 
more lived. When the administration of antitoxin was delayed until 
twenty-three hours after injection of the toxin, at a time when the 
local tetanus was approximately of the same degree as in the preceding 
part of the experiment, half of those animals Avhich received 1 to 2 units 
of antitoxin into the cisterna survived and 83 per cent of those which 
received 10 to 50 units. Of those which were given antitoxin intra- 
venously only the one which received 100 units survived. In a third 
group treated with similar amounts of antitoxin given intramuscularly 
none survived. When treatment ivas instituted twenty-eight hours after 


•AVolff-Eisner previrvvislv sug-Tested a similar idea.=3 Roux and BorreP® from 
their experience -n-itli ‘Verebral tetanus” and from studies with diphtheria toxin in 
rats and morphine in rabbits made the same suggestion. Inadvertently, reference to 
the latter was omitted in our original communication. 


tOur experiments mentioned uo to this point deal largely with the protection 
against toxin afforded by antitoxin given immediately before the injection of toxin 
and by the intravenous route. Antitoxin given intravenously was found to give better 
prophylactic protection than antitoxin given by other routes. In guinea pigs and in 
dogs we have found that antitoxin injected into the cisterna is less efilcient than 
antitoxm given intravenously in protecting against toxin introduced immediately .after- 
wards. cither into a vein or into a muscle. Furtliermore, although no complete in- 
vestigation on this point was undertaken, a few observations suggest that antitoxin 
gn-en subcutaneously or intramuscularly is less effective than that given intravenously 
This IS as might be expected, for toxin injected by any of these routes is absorbed 
into tlio blood stream n^nd should be more quickly and effectively reached bv antitoxin 
injected directly into the blood than by antitoxin placed elsewhere. ^ antitoxin 
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Antitoxin introduced intravenously is less effective against toxin 
deposited subcutaneously, intramuscularly, or intradermally than it is 
against toxin injected into the blood stream. Although clinically toxin 
is gencralty liberated in the subcutaneous or intramusciilar tissues, our 
observations again give little cause for concern in clinical cases for, al- 
though antitoxin is slightlj-- less efficacious against toxin in these tissues 
than against that circulating in the blood stream, an excess of antitoxin 
neutralizes the toxin completely and effectively. 

AVith regard to the protecting value of antitoxin injected into a vein 
against toxin introduced directly into the cord, we found that an en- 
tirely different situation exists. If toxin is placed directly into the 
lumbar cord of dogs, it takes over 8,000 times more antitoxin (injected 
intravenously immediately before the toxin is injected) to prevent death 
than if the toxin had been injected into the blood stream, and about 
3,500 times more antitoxin than if the toxin had been placed in the 
.muscle. We have previously reported similar experiments.^'’ Further- 
more, we have sho-wn that far gi-eater amoiints are necessary if the ad- 
ministration of antitoxin is delayed for some time after the deposition 
of toxin in the cord and that, if the intei’val is prolonged imtil symp- 
toms have intervened, even enormous doses of antitoxin will not save the 
animal. 

The problem of neutralization of toxin within the cord is simply a 
matter of bringing to these poisoned tissues soon enough a sufficient 
quantity of antitoxin.'"’ For example, to prevent the appearance of 
symptoms in the dog after the injection of a fatal quantity of toxin into 
tlie medulla, it suffices, if the administration of antitoxin is delayed five 
hours after giving the toxin, to place into the same .area in the medulla 
800 times as much antitoxin as could have sufficed to neutralize that 
toxin had it and the antitoxin been injected simultaneously into the blood 
stream; wherea.s, if the antitoxin is injected into the blood stream instead 
of into the medulla, 800,000 times as much antitoxin is required as 
would have sufficed had both been placed in tlic blood stream. It is well 
knomi that there is no absolute blood-brain barrier to antitoxin. Sucli 
experiments as we have cited, however, show the difficulty of bringing 
to the poisoned central neurons a .sufficient amount of antitoxin quicldy 
cnough. 

Our studies have led us to the belief that it is the toxin fixed within 
the central nervous system which is generally responsible for death. 
TTndoubtedly the general metabolic disturbance and tlie attending loss 
of weight and strength and the fatigue may be contributing factors, 
and an occn.sional patient with tetanus may die without any convulsive 
manifestations at all, possibly from paralysis of the muscles of respira- 
tion. Tlie experimental data indicate, however, that it is the toxin in tlic 
central nervous system which is ordinarily responsible foi- death. 
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Table II 

The Therapeutic Effect of Tetanus Antitoxin Given Intracisteknally and 
Intravenously in Guinea Pigs With General Tetanus* 


ROUTE OF .lADSriNISTEATION OF ANTITOXIN 


TETANUS 

ANTITOXIN 

IN AMERICAN | 
UNITS 

[ INTRAGISTERNAIi i 

j INTRAVENOUS 

NO. OF 

ANIMALS 

AVERAGE i 

SURVIVAL IN 

days! 

NO. OF 1 

ANIMALS 1 

AVERAGE 

SURVIVAL 

IN DAYSt 

70 1 

2 

4 



140 ' 

2 

4 

2 

3.7 

210-2S0 

4 

3.3 

4 

3.7 

350-500 

6 

4.7 

6 

3.8 

560-700 

4 

4 

6 

4.3 


Controls. No tetamis antitoxin. 


0 I 9 I 2.St I I 

•Each animal received 2 G-P LDaO's of toxin intravenously. The T.A.T. was given 
48 hours later, when all the animals had definite' general tetanus (stiffness of body, 
erection of ears, etc.). 

tAll the animals died of tetanus. — 


Our problem, then was to arrange an experiment in which we should 
have animals which were poisoned with more than a lethal dose of 
toxin, with undoubted signs of general tetanus, and uuth the certain 
fate of death from tetanus in the absence of treatment, and yet some of 
which at least would not have already fixed in their tissues a lethal 
dose of toxin, thus rendering them beyond any therapeutic aid. This 
experiment might have been possible with guinea pigs had we given 
a smaller and yet a lethal dose of toxin; had we given repeatedly 
smaller sublethal doses; or had we influenced the character of the dis- 
ease bj’’ a preliminary injection of a quantity of antitoxin insufScient to 
protect from death but sufficient to induce a milder type of tetanus with 
a longer period of incubation. We felt, however, that it would be ad- 
visable for several reasons to shift our studies to dogs. Of chief im- 
portance was the fact that in guinea pigs we have found no demon- 
strable early infallible sign of general tetanus. By the time we are 
able to make a certain diagnosis, the animal has generalized rigidity of 
his voluntary musculature and in all likelihood already has fixed a 
lethal amount of toxin. In dogs, on the otlier hand, we have found that 
wrinkling or furrowing of the brows and erection of the ears in animals 
having received one or more lethal doses of toxin is an infallible sign 
of tetanus and that every such animal will become progressively sicker 
and wiU die if no treatment is instituted. We have here an early and 
unmistakable sign comparable to the early trismus in man which so 
commonly precedes general rigidity or convulsions. Furthermore, the 
ease and exactness with which antitoxin may be injected into tlie eisterna 
IS greater in dogs than in guinea pigs. 


_ Experiment 3 (Table III). -Forty-eight hours after the intramuscular 
in 3 ection of 2400 G-P LD50’s of toxin per kilogram, all the dogs had 
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. Table I 

The Therapeutic Effect of Tetanus Antitoxin Given by Various Routes, in 
Guinea Pigs With Local Tetanus* 


AiEOUNT or 
TETAKUS 
ANTITOXIN 

IN 

AMERICAN 

UNITS 

1 route of administration of antito.xin 

1 INTRACISTERNAli | 

1 INTRAVENOUS 

NO. OF 
ANIMALS 

NO. 

SURVIV- 

ING 

AVERAGE 
SURVIVAL IN 
DAYS OP 
THOSE THAT 
! DIED 

! 

NO, OF 
ANIMALS 

NO. 

SURVIV- 
. ING 

AVERAGE 

SURVIVAL IN 

DAYS OP 

THOSE THAT 

DIED 


T. A. T. given SI hr. after toxin. AH ammals had slight local stiffness. 


1 


0 

7 

1 

0 

0 

2-7 


4 


4 

0 

6.5 

10-20 


2 


3 

1 

12 

25-154 


8 


7 

7 



T. A. T. given S3 hr. after toxin. All animals had slight local stiffness.! 


O.l-O.S . 

4 

0 

5 

4 

0 

4.5 

1.2-2.0 

2 

1 

8 

3 

0 

5.7 

3-7 




3 

0 

6 

10-50 

6 

5 

5t 

6 

0 

8 

100 

1 

1 


1 

1 



T. A. T. given 38 hr. after toxin. All animals had moderate local rigidity. 


10-50 

3 

0 

7 

3 

0 

3 

70-100. 

2 

0 

7 

2 

0 

2.5 

150-200 




2 

0 

2.5 

300-400 

2 

0 

3 

2 

0 

3.5 

500. 

1 

0 

8 

1 

0 

6 


Controls. No tetamis antitoxin. 


0 I 17 I 0 I 3.3 I I I 

•Each animal received 2 G-P LDSO's of toxin intramuscularly in a single dose in 
the thigh. 

tor 16 animals likewise treated with varying doses of tetanus antitoxin (0.1 to 100 
A.XJ.) Intramuscularly, none survived. 

tThis animal kept head turned to left as if the brain stem had been traumatized 
at the time of injection. Autopsy showed no gross change. 


injection of the toxin, none of the animals survived, although those 
whieh reeeived antitoxin intracistcrnally lived longer than those ■which 
received it intravenously. This experiment demonstrated amply, we be- 
lieve, the greater therapeutic efficacy of intracisternally over intra- 
venously administered antitoxin in guinea pigs with local tetanus, all 
of which without treatment would have developed general tetanus 
shortlj’ and died within forty-eight hours. 

Experiment 2 (Tahte II ). — Wc next attempted to evaluate this method 
of treatment in guinea pigs with general tetanus. Forty-eight hours 
after the intravenous injection of 2 G-P LDSO’s of toxin all the animals 
iiad unmistakable general tclami.s. They were treated with varying 
doses of antitoxin intracisternally and intravenou.sly. None survived, 
and there was little difference belwceii the two groups. This failure, 
as well as the failure to save life in the third part of E.xperiniont 1, is 
undoubtedly due to the fact that in these animals a lethal quantity of 
tetanus toxin had already been tixed and altered at tlic time treatment 
was begun. 
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Table IV 

The Therapeutic Effect of Tetanus Antitoxin Given iNTRAasTERNALLY and 
Intkatonously in Dogs With Local and General Tetanus* 


AMOUNT OF 

r.OUTE OP ADMINISTRATION OF ANTITOXIN 

TETANUS ANTITOXIN 
IN AMERICAN UNITS 
PEE, KG. 

INTRACISTERNAL 

INTRAVENOUS 

1 RESULT 

RESULT 

140 

Died of tetanus in 9 days; 
riglit lung consolidated 


700 

Died with tetanus in 13 days 
following gavage and aspira- 
tion of vomitus; emaciation; 
ulceration of mouth 

Died of tetanus in G days 

1400 

i 

Died of tetanus in 14 days; 
emaciation; ulceration of ^ 

mouth j 

Died of tetanus in 7 days 

2700 

Died of tetanus in 14 days; 1 

emaciation; ulceration of 
mouth 

Died of tetanus in 8 days 


‘Each dog received 1,200 G-P LDaO’s of toxin per kilogram intramuscularly. Sev- 
enty-two hours later they all had slight local stiffness and definite general tetanus.t 
At this time they received varying amounts of tetanus antitoxin hy the routes in- 
dicated. 

tPurrowing of brow, erection of ears, slight trismus, stiffness of neck and trunk, 
and slight or moderate stiffness of extremities. 

Note-. Autopsies negative except as otherwise stated. 


used as controls. They died of tetanus in five and seven days. Of those 
in the next group with very early tetanus, the one treated by the cister- 
nal route had only slight progression of symptoms and recovered. Of 
the three treated intravenoirsly, two had slight progression of symptoms, 
one recovering and one dying of distemper in thirteen days; one became 
rapidly sicker and died of tetanus in six days. The next group had 
more advanced signs of earl}^ tetanus. The one which received anti- 
toxin into the eisterna had no progression of symptoms and died later 
of distemper; whereas, one of those treated hy intravenous injection 
showed some progression of symptoms but recovered, and the other be- 
came progressively more ill and was sacrificed moribund on the seven- 
teenth day, having extreme tetanus, distemper, and an infected leg. In 
the next group with more advanced tetanus the one treated by the cis- 
ternal method recovered; whereas, the two treated by the intravenous 
route^ died of tetanus. The next group had beginning opisthotonos at 
the time of treatment. Five in which antitoxin was injected into the 
eisterna had no further progression of symptoms and recovered; 
whereas, the two having intravenous injection of antitoxin died with 
tetanus. The one animal with the most advanced tetanus at the time of 
treatment was given antitoxin intraeisternally and died of tetanus in 
six days. 

It will be seen that, if we disregard completely the important factor 
of the severity of^ the tetanus at the time of treatment, only 1 of 9 
animals given antitoxin intraeisternally died of tetanus; whereas 6 of 
9 given antitoxin intravenously succumbed, and all of the untreated 
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slight local and early general tetanus. They were given varjdng amounts 
of antitoxin by intracisternal or intravenous injection. The untreated 
controls died in from three to five days. The animals which had re- 
ceived 1 and 5 units of antitoxin per kilogram into the cisterna did not 
survive, although the latter lived three days longer than its mate which 
received the antitoxin into a vein. All those whieh received 25 units 
per kilogi-am or more in the cisterna lived. Their tetanus progressed 
rapidly on the day on which treatment was begun and tliey became so 
ill and so rigid that they lay prone and could not stand. Complete re- 
covery followed. None of the dogs which received antitoxin intrave- 
nously survived. 

Table III 

The Therapeutic Effect of Tetanus Antitoxin Given Intracistebnally and 

INTR.AVENOUSLY IN DOGS WITH LOCAL AND GENERAL TETANUS* 


AMOUNT OF 

1 ROUTE OF ADMINISTRATION OP ANTITOXIN 

TETANUS ANTITOXIN 
IN AMERICAN 
UNITS PER KG. 

INTRACISTERNAL 

INTRAVENOUS 

RESUUT 

RESULT 

1 

Died of tetanus in 6 daj'S 

Died of tetanus in 7 days 

5 

Died of tetanus in 9 daj's 

Died of tetanus in 6 days 

25 

Severe general tetanus 
Complete recovery 

Died of tetanus in 4 days 

125 

Severe general tetanus 

Complete recovery 

Died of tetanus in 8 days 

625 

Severe general tetanus 
iComplete recovery 

Died of tetanus in 9 days 


Controls. No tetanus antitoxin. 


Died of tetanus in 3 days 


0 

Died of tetanus in 4 daj'S 


0 

Died of tetanus in 5 days 



♦Each doff received 2,400 O.P. LD50’s of toxin per kilogram intramuscularly. 
Forty-eight hours later they all had slight local and early general tetanus.f At this 
time they received varjdng amounts of antitoxin by the route indicated. Three hours 
after injection of tetanus antitoxin they all had %vell-marked general tetanus. 
fWrinkling of brows, erection of ears, stiffness of neck. 

Note: Autopsies were negative on all of the animals. 


Experivicnt 4 (Table IV). — Nine dogs were given 1200 G-P LD50’s 
of toxin per Idlogram intramuscularly. Sevent 3 ’’-two lioui’s later all had 
slight local stiffness and fairlj’^ advanced general tetanus. Thej' were 
treated at this time. None survived. TJiose treated by intracisternal 
injection, however, lived consistentlj’^ longer than tliose treated by intra- 
venous injection. 

' Experiment 5 (Table V). — Twenty-one dogs received 600 G-P LD50’s 
of toxin per kilogram intravenously. Port.y-nine hours later they were 
classified according to severity of symptoms and were treated with 750 
American units of antitoxin per kilogi-am. One animal had no symp- 
toms at this time and was kept as a control. He became prone and had 
convulsions on the fifth day and died in three weeks. Two other ani- 
mals with only questionable early s.vmptoms at this time were likewise 
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controls died. Likewise, it is evident that among those which survived 
there was less progression of the disease -in the animals treated intra- 
cisternally. 

In this, as in all the other experiments, where any disparity in the signs of 
tetanus existed at the time of treatment, the animals with the severer signs of 
tetanus were treated with injection of antitoxin into the cistema in order to put 
this mode of treatment to the severer test. In all instances where we have stated 
the outcome as "died of tetanus” the tetanus had become progressively worse and 
was so extreme at the time of death that, from our experience, we felt that the 
dog could not recover regardless of the presence or absence of complications. On 
the other hand, when an animal is said to have "died of distemper” or from some 
other cause, the tetanus had been steadily improving before death and it appeared 
evident that complete recovery would have taken place in the absence of complica- 
tions. After the single injection of antitoxin all animals were treated exactly alike. 
Before and after this treatment thej' were fed the regular laboratory diet of bis- 
cuits supplemented with milk and raw ground meat. As soon as they became prone, 
all were given either daily gavage of sweetened milk or, more commonly, intravenous 
infusions of normal salt solution and 5 per cent glucose, generally two a day of 100 
c.c. each. They were turned frequently. In spite of our efforts most of those lying 
prone with convulsions for a long time lost weight. Frequently their lips became 
somewhat ulcerated. Autopsies were done on all. Both intravenous and intracis- 
ternal injections were made in unanesthetized animals. 

Experiment 6 (Table VI ). — This experiment confirms the preceding 
one. Twenty dogs were given 840 G-P LD50’s of toxin intravenously 
per kilogram. Piftj^-two hours later they were grouped according to 
symptoms and treated with 750 units of antitoxin per kilogram. The 
one with the mildest symptoms was kept as a control. He died in 
seven daj’^s. In the next group 4 received antitoxin into the cisterna. 
One died within thirty hours, obviously not of tetanus, and at autopsy 
showed a hemorrhage in the medulla from inadvertent penetration of 
the needle during the attempted intracisternal injection and should 
properly be excluded from the experiment. One in which the tetanus 
had advanced slightlj^ and then improved steadily, died of distemper. 
One had no progression of symptoms; one, slight progression. Both 
recovered. Four treated by intravenous injection exhibited some pro- 
gression of the tetanus, but 2 recovered, 1 died of distemper, and only 
1 died of tetanus. The 2 controls died of tetanus. In the next group 
4 received antitoxin by the intracisternal route. The tetanus advanced 
slightly in 3; 2 recovered, and 1 died of distemper. One became so ill 
it lay prone with convulsions but recovered completely. Of the 3 treated 
by the intravenous route, 2 succumbed to tetanus, and 1, which lay 
prone wnth convulsions for nearly 2 weeks, eventually recovered. In 
the last group the dog treated with intracisternal injection of antitoxin 
developed advanced tetanus but recovered; whereas, its mate treated 
with intravenous injection died of tetanus. 

As in the preceding experiment, if we ignore the degree of tetanus 
at the time of treatment, none of those given antitoxin into the cisterna 
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Table V 

The Therapeutic Effect of Tetanus Antitoxin Given Intracistebnally and- ' 
Intravenously in Dogs With General Tetanus* 


1 

symptoms at 1 

TIME OF 
TREATMENT 

1 ROUTE OF ADMINISTPutTION OF ANTITOXIN 

INTRACISTERNAIj 

• INTRAVENOUS 

CONTROLS — NO 
TETANUS ANTI- ■ 

TOXIN 

RESULT 

RESULT 

RESULT 

None 



D & Jt in 5 days; 
died of tetanus 
in 21 days; 
emaciation 

Questionable 
furrowing of 
brows and 
erection of ears 



D & J in 4 days; 
died of tetanus 
in 5 da^'s 

Bodj’ stiff in 4 
days; died of 
tetanus in 7 days 

Slight furrowing 
of brows and 
erection of ears 

Body slightly stiff in 
3 days; recovery 

Body stiff in 4 days; m 
further progression ; 
died of distemper in 13 
days; pneumonia 

Bod.v slightly stiff in 4 
days; recovery 

D & J in 5 days; dice’ 
of tetanus in 6 days 


Erection of ears, 
furrowing of 
brows, slight 
stiffness of nech 

No progression of 
symptoms, died of 
distemper in 10 
days ; pneumonia 

Neck became more rigid; 
no further progression; 
recovery 

D & J in 5 days; mori 
bund in 17 days; sac 
rificed ; extreme tet- 
anus, distemper, ulcer 
face, infected leg 


Rather marked 
stiffness of 
neck, ears erect, 
brows furrowed 

Bodj' slightly stiff 
in 3 days ; recovoiy 

D & J in 7 days; died 
of tetanus in 14 days; 
had distemper ; slight 
consolidation of lung 

D & J in 5 days; died 
of tetanus in IS days 


Ears erect, 
brows fur- 
rowed, bodj’ 
stiff ; beginning 
opisthotonos 

No profession; 
recovery 

No profession; 
recovery 

No progression; re- 
covery* 

No progression; re- 
covery 

No progression; re- 
covery 

D & J in 7 days; died 
of tetanus in 15 days; 
had distemper. 

D & J in 7 daj's; died 
of tetanus in S days 


JIarked stiffness 
of body 

D & J in 4 days; 
died of tetanus in 
(1 days 




nint> hourq later they were divided into two groups according to symptoms and treated 
with tetanus antitoxin as indicated. Each received 750 American units per kilogi-am. 

•tr) A r signifles that the anim.al was prone, unable to stand, and Jerking almost 
constantly in clonic con\-ulslvc movemcnt.s. Autopsies were negative except where 
otherwise indicated. 
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controls died. Likewise, it is evident that among those which survived 
there was less progression of the disease. in the animals treated intra- 
cisternally. 

In this, as in all the other experiments, where any disparity in the signs of 
tetanus existed at the time of treatment, the animals with the severer signs of 
tetanus were treated with injection of antitoxin into the cistema in order to put 
this mode of treatment to the severer test. In all instances where we have stated 
the outcome as "died of tetanus” the tetanus had become progressively worse and 
was so extreme at the time of death that, from our experience, we felt that the 
dog could not recover regardless of the presence or absence of complications. On 
the other hand, when an animal is said to have "died of distemper” or from some 
other cause, the tetanus had been steadily improving before death and it appeared 
evident that complete recovery would have taken place in the absence of complica- 
tions. After the single injection of antitoxin all animals were treated exactly alike. 
Before and after this treatment they were fed the regular laboratory diet of bis- 
cuits supplemented with milk and raw ground meat. As soon as they became prone, 
all were given either daily gavage of sweetened milk or, more commonly, intravenous 
infusions of normal salt solution and 5 per cent glucose, generally two a day of 100 
c.c. each. They were turned frequently. In spite of our efforts most of those lying 
prone with convulsions for a long time lost weight. Frequently their lips became 
somewhat ulcerated. Autopsies were done on all. Both intravenous and intracis- 
ternal injections were made in unanesthetized animals. 

Experiment 6 (Table F/j. — This experiment confirms the preceding 
one. Twenty dogs were given 840 G-P LDSO’s of toxin intravenously 
per kilogram. Fifty-two hours later they were grouped according to 
symptoms and treated with 750 units of antitoxin per kilogram. The 
one with the mildest symptoms was kept as a control. He died in 
seven days. In the next group 4 received antitoxin into the cisterna. 
One died within thirty hours, obviously not of tetanus, and at autopsy 
showed a hemorrhage in the medulla from inadvertent penetration of 
the needle during the attempted intracisternal injection and should 
properly he excluded from the experiment. One in which the tetanus 
had advanced slightlj^ and then improved steadily, died of distemper. 
One had no progression of symptoms; one, slight progression. Both 
recovered. Four treated hj^ intravenous injection exhibited some pro- 
gression of the tetanus, hut 2 recovered, 1 died of distemper, and only 
1 died of tetanus. The 2 controls died of tetanus. In the next group 
4 received antitoxin by the intracisternal route. The tetanus advanced 
slightlj* in 3; 2 recovered, and 1 died of distemper. One became so ill 
it lay prone with convulsions but recovered completely. Of the 3 treated 
by the intravenous route, 2 succumbed to tetanus, and 1, which lay 
prone with convulsions for nearly 2 weeks, eventually recovered. In 
the last group the dog treated with intracisternal injection of antitoxin 
developed advanced tetanus but recovered; \vhereas, its mate treated 
with intravenous injection died of tetanus. 

As in the preceding experiment, if we ignore the degree of tetanus 
at the time of treatment, none of those given antitoxin into the cisterna 
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Table VI 

The Therapeutic Effect of Tetanus Antitoxin Given Intracisternally and 
Intravenously in Dogs With General Tetanus* 



1 ROUTE OP administration OF ANTITOXIN 

SY.MPTOMS AT 
‘TIME OF 
TREATMENT 

INTRACISTERNAL 

INTRAVENOUS 

CONTROLS — NO 

TETANUS 

ANTITOXIN 


RESULT 

RESULT 

RESULT 

Beginning erec- 
tion of ears, 
furrowing of 
brows 



Body stiff in 4 
days; died of 
tetanus in 7 da.ys 

Ears erect, 
brows furrowed 

No progression; re- 
covery 

Body stiff in 4 days; 
better in S daj's; 
recovery 

Body stiff in 4 da3’s; 
improvement ; died 
of distemper in 10 
days ; pneumonia ; 
empyema 

Body slightl}’ stiff in 
3 daj'S; dead next 
A.M.; hemorrhagic 
tract in medulla 
from needle trauma 

Body stiff in 4 days; re- 
covery 

Body stiff in 4 days; re- 
covery 

Body stiff in 4 days; 
prone in S days; died 
of tetanus in 9 days; 
slight consolidation one 
lobe 

Body stiff in 4 days ; 
died of tetanus in 6 
days 

D & Jt in 5 days; 
died of tetanus 
in 5 days 

I) & J in 4 days; 
died of tetanus 
in 5 days 

Ears erect, 
iirows furrowed, 
body moder- 
ately stiff 

Body stiff in 4 days; 
better in 0 daj's; 
recovery 

Bod.v stiff and dis- 
temper in 4 daj’s; 
no progression of 
tetanus; died of xlis- 
temper in 9 days; 
pneumonia ; empj-- 
ema 

Body stiff in 4 daj's; 
recover}- 

D & J in 7 days; up 
next day ; recovery 

D & J in 6 days;. prone 
2 weeks, recovery 

D & J in 4 days; died 
of tetanus in 16 days 

D & J in 4 days; died of 
tetanus in IS days 


Ears erect, 
brows fur- 
rowed, body 
rather niarlcedlyl 
rigid 1 

D & J in G days, up 
next day, recovery 

D & J in 3 days ; died of 
tetanus in 5 days 



•Eacli dog- received 810 G-P LDSO’s of toxin intravenously per kilogram. Fifty- 
two hours later tliev were divided into groups according to symptoms and treated with 
tetanus antitoxin as indicated. Bach received 750 American units per kiiogram. 


■tJO A- J signides that the animal was prone, unable to stand, and Jerking almost con- 
stantly in clonic convulsive movements. Autopsies were negative except where other- 
wise indicated. 


died of tctainis; whereas, 5 of 8 receiving antitoxin intravenousiy did 
die of tetanus. 

DISCUSSION 

These experiments offer evidence that tel amis antitoxin given intra- 
Ihecally is much more efficacious as a therapeutic agent in animals which 
have received more than a letlial dose of tetanus toxin and wliich liavQ 
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local or general tetanus than tetanus antitoxin given intravenously. The 
reason for this is not entirely clear. Ransom-'* claims to have demon- 
strated that most of the antitoxin introduced intrathecally passes fairly 
rapidly into the blood stream, although Blumenthal and Jacob*" state 
that antitoxin given by subdural infusion remains for at least twenty 
hours in the cerebrospinal fluid of goats. According to our knowledge 
of the absorption of cerebrospinal fluid, this is what one should expect. 
But does some of the antitoxin, perhaps only a small fraction of it, 
pass directly into the central nervous system? We know that when we 
inject pontocaine or novocain or some other local anesthetic agent into 
the subarachnoid space, most of it penetrates directly through the pia 
and into the substance of the cord, for there foUoivs an anesthetic effect 
roughly localized to that area of cord with which the solution comes in 
contact. It may be possiifle that some of the antitoxin similarly diffuses 
into the substance of the cord or brain stem. It is true that the molecule 
of tetanus antitoxin is in all likelihood larger than that of these anes- 
thetic agents. And yet we know that the antitoxin molecule is not too 
large to pass through the capillary walls of blood and lymph vessels 
into the various body tissue spaces and vice versa. Until some other 
explanation is at hand we shall have to assume that it can similarly 
pass from the cerebrospinal fluid into the substance of the central 
nervous system. 

We have previously pointed out that antitoxin injected directly into 
the medulla is at least a thousand times more efficacious against toxin 
previously placed there than is antitoxin injected intravenously. If we 
can assume then that some of the antitoxin injected into the cerebro- 
spinal fluid, even a small part of it, passes directly into the central 
nervous system, we can readily understand its greater therapeutic 
efficacy. 

Our experiments do not constitute the first attempt to evaluate the 
therapeutic effect of intrathecal injections of antitoxin. In 1898 Sicard^® 
found that injections of large amounts of antitoxin into the lumbar 
subarachnoid space of dogs at the onset of symptoms of tetanus would 
stop the advance of symptoms and save life; whereas, the subcutaneous 
injection of the same amount was inefficacious. In the same year Blu- 
menthal and Jacob^® reported that “dural infusion” of antitoxin in 
goats at the onset of symptoms follmving the intramuscular injection of 
several lethal doses of toxin was without effect. In 1914 Permin^^ re- 
ported no difference in goats with trismus between the intravenous and 
intrathecal routes. 

On the other hand. Park and NicolP* described at the same time some 
experiments on guinea pigs which they felt “would seem absolutely 
conelusiye of the superiority of the intraspinal over the intravenoiis 
method.’ Their animals were treated with varying amounts of anti- 
toxin eighteen to twenty-three hours after the intramuscular injection 
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of 2 M. L. D. of toxin. Tlieir results are similar to those we have re- 
ported in Table II. Their intrathecal injections were made in the 
lumbar space after incision down to the dura, the intravenous injections 
into the heart. They demonstrated that when the same amount of anti- 
toxin was given it was more efficacious in saving life if given intra- 
thecally than either intravenously or intraneurally and that a smaller 
dose was efficacious if injected intratheeaUy rather than by these other 
routes. 

Gottlieb and Freund"° also found in 1916 that rabbits having received 
3 M.L.D. of toxin intramuscularly could not be saved with 1 c.c. of anti- 
toxin given intravenously, even 6 hours after injection; whereas, they 
could be protected with the same amount of antitoxin given intra- 
eisternally up to 25 hours after injection of the toxin. 

In 1917 Sherrington’s much cited experiments with monkej^s were 
reported.^" His results may be summariaed as follows: All were given 
approximately 8 lethal doses of toxin intramuscularly. The controls 
had local tetanus in about 30 to 36 hours, general tetanus by the end 
of the third da 3 ', and died on the fourth or fifth da 3 ^ Each treated 
animal received 2,000 American units of antitoxin per Idlogram 47 to 
78 hours after injection of the toxin. Twenty-five were treated by sub- 
cutaneous injection and onl.y 2 survived (tetanus antitoxin 50 and 70 
hours after injection) ; 25 were treated by intramuscular injection with 
3 survivals (tetanus antitoxin 47, 50, and 52 hours after injection) ; 
25 were treated intravenous^ udth 7 survivals (tetanus antitoxin 57, 

50, 50, 51, 51, 54, and 70 hours after injection) ; 10 were treated with 
antitoxin injected under the cerebral dura without any survivals. In 
contrast to these results, of 25 treated with antitoxin in the lumbar 
subarachnoid space, 13 survived (tetanus antitoxin 47, 48, 50, 50, 51, 

51, 51, 52, 52, 53, 54, 66, 68, and 70 hour’s after injection) and of 
20 treated bj’ the brrlbar intrathecal route 13 survived (tetanus anti- 
toxin 47, 48, 50, 51, 52, 53, 56, 66, 66, 68, 70, and 70 hours after 
injection). 

Finally, Flore.v and Fildes”* presented some work on rabbits which 
they felt showed no advantage in the cisternal route. They gave 4 
M.L.D. of toxin intramuscularlj’^, a dose found to cause local tetanus 
in 24 hours and death on the third day. They treated ten rabbits on 
the second day by operative exposure and injection into the cisterna of 
1,000 units of antitoxin and gave simultaneously 15 c.c. of hj’pertonic 
salt solution intravenously. The,v concluded that, when local tetanus 
was confined to stiffness of the injected leg, all survived, whether treated 
intravenously or intracisternally, but that when there was the slightest 
involvement of the head (general tetanus) all died. 

It is likely that the good results reported by Koux and BorreP" and 
von T6r61P= with antitoxin injected into the cerebrum (a method of 
administration which obviously cannot be considered in man) are to 
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be explained on tlie basis that a large part of the injected antitoxin 
passes into the ventricular and subarachnoid fluids. Koux and Borrel 
state that without doubt the injected antitoxin penetrates into the ven- 
tricle. Schaeffer and Muckenfuss,=’® using India ink in monkeys, found 
that the material when injected into the cerebrum reaches the ventricles 
and subarachnoid space if more than 0.5 c.c. of fluid is injected. Fried- 
mann, Zuger, and Hollander^^ likewise found that dyes injected into the 
cerebrum passed in large part into the lateral ventricles. Similarly, 
the occasional good results which have been reported with injection of 
antitoxin into the sciatic nerve near the sciatic foramen may possibly 
be due to the forcible injection of antitoxin through the nerve and 
into the subarachnoid space. For an analysis of the explanation of 
passage of fluid along nerves into the cerebrospinal fluid, not by any 
natural pathway, but by forceful driving of the fluid with pressure, see 
the comments of Abel and his co-workers.^ 


We see, therefore, that most workers have found the intrathecal route 
to be superior. The failures are, we believe, easy to understand. From 
our o-wn work it is apparent that, if animals are treated early enough 
with a sufficient dose of antitoxin, all will survive whether treated by 
the intrathecal or the intravenous method; and that, conversely, if the 
treatment is delayed so long that a fatal amount of toxin has been al- 
ready fixed, antitoxin given by either route will be futile. Further- 
more, if one treats animals in between these two periods, that is to say, 
if they have more advanced symptoms than in the first instance and yet 
have not undergone fixation of a lethal dose as in the second, success or 
failure in finding the intracisternal route superior will depend upon 
varjdn’g the dose or upon selecting a proper single dose. Too small a 
dose may fail to demonstrate a difference between the intrathecal and 
intravenous routes, as in the animals receiving the smallest doses in the 
first and second parts of Experiment 1 or in the first pair of dogs in 
Experiment 3.* 


The criticisms which have been made of the experimental demon- 
stration of the superiority of intrathecal injection of antitoxin are well 
summarized in Huntington’s evaluation of Sherrington’s work.’= In the 
first place, Huntington points out that tetanus toxin and not actual 
infection with the Clostridmni tetani was employed. In answer to this 
criticism it may be pointed out that the pathogenic effect of tetanus 
infection is manifested only by the toxin and not bj’- the organism 
per se. The use of tetanus toxin is simply a convenient method of pro- 
ducing tetanus of a measurable degree. In the second place, he points 
to the enormous dosage of antitoxin which Sherrington used. In other 
experiments smaller doses have been utilized. In our oivn experiments 
with do gs, for example, the 750 units per kilogram used would amount 


*"pathecal method ■n'as not apparent 
and accounts for the Incorrect statement made by one of us.“ 


our earlier studies 
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to onlj" 48,750 iinits in a 65 kilogi’am man if a eomi^arable amount were 
given. One would be willing to emplo3'' very large amounts of antitoxin 
if this procedure held anj' promise of therapeutic benefit. In the third 
place, Hunting-ton states that man is “vastty” more susceptible to 
tetanus tlian is the monke3^ As a matter of fact, the consensus is that 
man is of the same order of sensitivit3’' as the guinea pig and the nionke3'. 
It is observed that comparable results with intrathecal injection of anti- 
toxin have been obtained on animals of such diverse sensitivit3' as the 
veiy sensitive guinea pig and monke3^ and the relativel3" resistant dog. 
We have been interested in the behavior of animals of varying sensi- 
tivit3" or resistance to tetanus and conclude that, although different 
species succumb to widety different amounts of toxin, the3^ all behave 
similarl3' as far as their fundamental reaction to tetanus toxin is con- 
cerned. Furthermore, we feel that there are onl3' quantitative, not 
fundamental, differences in the action of tetanus antitoxin on tetairus 
toxin in the bod3r of both tetanus-sensitive and tetanus-resistant species. 
Finall3', Huntington feels that it is unfair to transfer results from 
animals suffering from local tetanus alone to man suffering from gen- 
eral tetanus. Our own experiments demonstrate that the same supe- 
riorit3' of intrathecal injection of antitoxin holds true with general as 
well as with local tetanus. It is our feeling that tetanus antitoxin given ' 
in proper amount intrathecall3' will be found superior to antitoxin ad- 
ministered intravenousl3" in 3113’- animal poisoned with a lethal quantit3’' 
of tetanus toxin, -u'ith evident S3'mptoms of tetanus, and 3'et before a 
fatal amount of toxin has been fixed. AVe feel that this will hold true 
for an3^ animal, tetanus-sensitive or tetanus-resistant, including man. 
AA^e also feel that it wiU hold true Avhether tlie toxin is injected into 
the bod3’’ or liberated from tetanus organisms in the bod3' tissue. 

For obvious reasons we have purposel3’^ omitted reference to clinical 
reports concerning the relative ofRcacy of antitoxin given by various 
routes. AA^ith clinical material there is no wa3’' of estimating the exact 
severit3^ of the disease in eaeli instance. The severit3" of the disease and 
the prognosis are known to vaiy with tlie length of the incubation 
period, the duration of the disease at the time treatment is begun, the 
initial s.vmptoms, and other factors. Even if all these data were avail- 
able in the published reports, and thc3- are not, it would still be difficult 
to be certain that a group of patients treated in one manner had tetanus 
of comparable severit3' with that of a gi-oup treated in a different man- 
ner. It is a common observation that the mortalit.v from tetanus in 
anv one hospital ma3' vaiy widel3' from one period to anothei’, even 
thou'^h the same treatment is used. Furthermore, some of the clinical 
studies are reported in the literature because the particular treatment 
employed seemed to have givcii unusually good results; whereas, reports 
of other patients treated in the .same manner are never published be- 
cause the outcome has not been so favorable. It appears that the merits 
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of treatment by intrathecal injection can better be investigated by care- 
fully controlled experimental studies. It is true, of course, that a 
number of clinicians have differed from the majority all along and haye 
felt that the intrathecal route should be used and that it. gives more 
satisfactory results than do the other methods. 

Certain problems remain to be solved. Especially is it important to 
ascertain whether repeated intrathecal injections are more beneficial 
than a single one and whether the lumbar subarachnoid route is as 
efficacious as the cisternal. This work is being pursued. There re- 
mains to find out the proper dosage, the number of injections, and the 
intervals between them which are best suited to the treatment of tetanus. 


CONCLUSIONS 

1. Experiments are reported which demonstrate that tetanus anti- 
toxin administered intrathecally is superior to that given intravenously 
in guinea pigs having received more than a lethal dose of tetanus toxin 
and exhibiting local tetanus, and in dogs poisoned with more than a 
lethal dose of toxin and shoiving signs of both local and general tetanus. 

2. The significance of these and related experiments is discussed. An 
explanation of the failure of other workers to demonstrate the superi- 
ority of antitoxin administered bj^ intrathecal injection is given. 
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THE PANCREATICOHEPATIC SYNDROME 
Pancreatic Fibrosis and Fatty Diver 
■Warren H. Cole, i\LD., and J. S. Howe, M.D., Chicago, III. 

(From the Departments of Surgery and Pathology, University of Illinois College of 

Medicine) 

W HEN Fisher^ and Allan and associates= (1924) discovered that 
pancreatectomy in the dog led to fatty infiltration of the liver and 
death of the animal in two to eight months, they laid the foundation 
for the recognition of a human clinical syndrome consisting primarily 
of an atrophy or sclerosis of the pancreas with fatty infiltration of the 
liver. Insulin, of course, was given to the animals to prevent diabetes. 
Allan and his co-workers noted that insulin removed the fat in the liver 
which might be deposited within a few days following the pancreatec- 
tomy but that the fatty infiltration would recur weeks later. These same 
authors also noted that the addition of raw pancreas to the diet of these 
dogs would prevent the deposition of fat in the liver. A few years later 
Hershey and Soskin^ noted that the addition of lecithin (as obtained 
from egg yolk) to the diet of panci’eateetomized dogs would also prevent 
death from fatty infiltration of the liver. A year or two later Best, 
Ferguson, and Hershey^ showed that the action of lecithin in the pre- 
vention of fatty liver was most likely due to the choline contained in it. 

Perhaps the most important contribution to the phenomenon of fatty 
liver in pancreatic insufficiency was made by Dragstedt and associates® 
in 1936. They made an alcoholic extract of beef pancreas which, when 
given to panereatectomized dogs, would prevent the fatty liver. They 
have called this substance lipocaic. Best and Ridout® tried lipocaic 
preparations made after the method of Dragstedt and associates and 
concluded that the effectiveness was perhaps due to the choline and other 
unknown factors in the proteins contained in the lipocaic extract, al- 
though they admit that the “extract contains only small quantities of 
choline.” In a recent article DragstedP appears to have demonstrated 
satisfactorily that the effectiveness of lipocaic is not due to the choline 
contained in it. Dragstedt states that “it requires approximately 2 
grams of choline a day over and above that present in the diet to exert 
this beneficial effect, whereas 100 grams of pancreas, which is an effective 
dose, contains onlj'- about 250 mg. of choline.” He notes also that 
“liver and brain which contain as much or more lecithin and choline, 
exert no beneficial effect.” 

The next problem in the study of the mechanism of production of 
fatty liver by pancreatectomy lies in the question of whether the action 
is due to the loss of the internal or external secretion. Elman and Mc- 
Caugha n® and others have called attention to the importance of the ex- 
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Table I 


CONGENITAL PANCREATIC STEATORRHEA 

CELIAC DISEASE 

Symptoms since birtli 

Oil present in stool 

Higli fecal fat; large amount unsplit 
Glucose tolerance curve on liigli side of 
normal 

Post mortem shows lesion in pancreas 

Onset 9 months to 2 years 

Oil not present in stool 

High fecal fat; well split 

Glucose tolerance curve flat 

Post mortem shows no lesion in pancreas 


However, it should be stated that there is not a complete agreement 
(Hess and Saphir^") as to the definition of the term celiac disease, 
particularly as to the absence of a pathologic lesion in the pancreas. 
With the exception of the points mentioned above, the symptoms and 
physical findings of pancreatic steatorrhea are identical to those in non- 
pancreatic steatorrhea (celiac disease). The chief differences there- 
fore lie in the pathologic findings in the pancreas and the type of fat 
in the stool; i.e., the amount of neutral fat and tatty acids. The numer- 
ous points of similarity suggest therefore that the two diseases may be 
the same except that celiac disease is an earlier stage or is an expression 
of the results of pancreatic dysfunction in the absence of demonstrable 
pathologic changes in the organ. 

Another disease with evidence of pancreatic dysfunction as evidenced 
by fatty diarrheal stools is sprue. Writers on the subject have been in- 
clined to divide the disease into two divisions, tropical and nontropical 
sprue; but in a recent study SnelP® finally concludes that the two dis- 
eases are the same. He remarks that nontropical sprue may represent 
a more advanced stage of the disease largely through delay in diagnosis. 
However, since pancreatic lesions are absent in each gToup and pan- 
creatic enzj^mes are found in the duodenum, it appears likely that sprue 
and the pancreaticohepatic syndrome (pancreatic steatorrhea) are not 
identical. However, the manifestations of sprue including glossitis, 
stomatitis, anemia, fatty diarrhea, emaciation, low blood calcium, low 
blood protein, osteoporosis, low blood cholesterol, etc., are remarkably 
similar to those found in pancreatic steatorrhea. The gi’eat difference 
lies in the fact that in sprue anemia is more pronounced and is relieved 
by liver therapy. Sprue therefore might be considered an intermediary 
disease between pernicious anemia and pancreatic steatorrhea. 


ETIOLOGY 

After reviewing the cases of fatty infiltration of the liver secondary 
to pancreatic dysfunction (with pathologic confirmation in the 
pancreas), it appears that the disease described in childhood as pan- 

disease more recently described in adults 
with fatty liver and pancreatic sclerosis are the same. However the 

of the pancreatic di.sease may be 

et'£]o<dc fnetoTs Andersen” has suggested three possible 

ct.olo^.c factois foi tl,e pancreatic fibrosis: (1) congenital malforma- 
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ternal secretion of the pancreas to the Avell-being of the animal. Berg 
and Zucker® obtained fatty changes in tlie liver of dogs which survived 
eighty days or longer following diversion of the external secretions to 
the outside. However’, Dragstedt and associates^'’ could not duplicate 
the findings and concluded that neither loss of external secretion by 
pancreatic fistula nor ligation of all the pancreatic duets would result 
in the type of fatty liver as noted following pancreatectomy. In a more 
recent publication Dragstedt’ implies that the factor preventing the fatty 
liver must be a second component of iirternal secretion, particularty 
since feeding of pancreatic juice does not prevent the fatty infiltration, 
even though it does improve the digestion and absorption of food. 

RELATIONSHIP OF PANCREATICOHEPATIC SYNDROME TO OTHER DISEASES 

Up to the present time there are relativel}’^ few of the "typical” type 
of fatty liver and pancreatic atrophj'^ reported in adults (six, including 
the one herein described). However, there are several allied diseases 
which bear a direct resemblance to the s 3 nidrome. Perhaps the condi- 
tion bearing the most resemblance is childhood pancreatic steatorrhea 
which has had the terms ej’stie fibrosis of the pancreas, congenital 
steatorrhea, etc., applied bj'" various authors. It is our opinion that this 
disease is identical to the one under discussion in this report, with one 
notable exception; namety, that it occurs in childhood, wliereas the 
other group occurs in adults. 

Andersen’’ has recently made a studj’- of forty-nine cases (as collected 
from various sources) of fibrosis of the pancreas in infants and children. 
She noted that in nineteen instances fatty infiltration of the liver 
existed. Of more importance was the fact that 60 per cent of tlie pa- 
tients in the older group, i.e., from 6 months to 14% 3 ’ears of age, had 
fatty infiltration of the liver. In animals we loiow that it takes several 
weeks or months for pancreatic deficienc 3 ’' to produce a fatty liver and 
that in human beings it presumabl 3 ’^ talies even longer. It is therefore 
obvious that the absence of a fatty liver in an infant only a few months 
old does not exclude the disease. Clinical manifestations as noted b.3’ 
Andersen and others include malnutrition, frequent bulk 3 ’ foul stools 
after the age of 6 months, protuberant abdomen, anemia, muscular 
weakness, and mild osteoporosis, all of which are manifestations similar 
to those described in celiac disease. Not all instances of fibrosis of the 
pancreas have the bulky, fatty, foul-smelling stool even though the 
process has advanced to the stage where fatty infiltration of the liver 
is advanced. This is illustrated by a case (patient aged 4 years) re- 
norted by Davie.” Bronchiectasis and pneumonia are common in pan- 
creatic .steatorrhea of childhood; death is almost always secondary to or 

accompanied 1)3' the lattei. ^ j i- 

In spite of the similaritv of comrenilal pancreatic steatorrhea to celiac 
rlisease there arc a few points of dissimilarity. These have been sum- 
marized by Harper” as follows (Table T) : 
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process which may obstruct the duets. There appear to be enough 
clinical data to support this assumption, in spite of the fact that simple 
ligation of the ducts in dogs will not produce a typical fatty liver. The 
difference may be in the fact that in operative ligation of ducts there is 
no accompanying infection; whereas, in human beings the process pro- 
ducing the obstruction (even if stones) is apt to be accompanied by 
infection. Another important feature may lie in anatomical variations, 
so far as obstruction of the duct of Wirsung would obviously be most 
damaging in the instances when the accessoiy duct was poorly developed 
or not anastomosing with the duet of Wirsung. In the average pancreas 
(human and dog) there is a certain amount of anastomosis between 
the two duct systems. 

CLINICAL MANIFESTATIONS 

A study of the five adult eases previously reported by various authors 
and the one herein discussed reveals the fact that the manifestations 
are extremely variable. The duration of symptoms likewise varies from 
eight months to twenty years, depending upon the cause. Conforming 
to the definition of the disease requiring pancreatic fibrosis and fatty 
infiltration of the liver as prerequisites, the manifestations will consist 
largely of symptoms produced by lesions of these organs. However, 
it is a notorious fact that symptoms produced by diseases of these two 
organs are insidious and extremel 3 >- varied. The fact that other organs 
are likely to be affected in a functional way in the absence of pathologic 
lesions is bound to add to the inconsistencies in the manifestations. The 
disease attacks males equalty as often as females; in adults it may be 
encountered in anjr decade. 

One of the earliest manifestations is the passage of frequent, foul, 
fattj^ bulky stools. However, in two of the six adult cases available for 
study, stool changes were insignificant. One of the most common com- 
plaints is weakness. Loss of weight may occur, but two of the six cases 
were obese. Anorexia, nausea, and vomiting are frequent and maj’^ occur 
in attacks with or without abdominal pain. Mild pain and discomfort 
in the epigastrium related presumably to the pathologic changes in the 
liver and pancreas are common. When the pancreatic lesion is second- 
ary to gall bladder disease, there maj-- naturally be attacks of severe 
pain located partieularty in the right upper quadrant. 

Obviously the size of the liver will depend upon the amount of fat 
contained in it. In the case herein reported the liver extended down 
about 6 cm. Various tests of hepatic function, including the hippuric 
acid and bromsulphalein tests, have been positive; as would be expected, 
the blood protein may likewise be lowered (Table II). 

Cardiac manifestations, including dj^spnea, etc., have been noted at 
times and in the case herein reported were substantiated by severe fatH-^ 
changes in the myocardium (sec autopsy protocol, case report). Horner- 
tension has been noted on only one occasion and is perhaps coincidental. 
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tion of the ducts, (2) inflammation of the pancreas in fetal life, and (3) 
vitamin A deficiencJ^ In adults it likewise appears that several factors 
are possible. 

Although there have been cases reported with post-mortem findings in 
which pancreatic disease and fatty liver were noted along with other 
findings (Ohoj^ and Oh,^® Paviot and associates, and others), Snell 
and Comfort’® were perhaps the first to emphasize the importance of the 
pancreatic lesion in the production of the fatty liver, particularly as a 
corollary to the production of fatty infiltration of the liver to pan- 
createctomy in dogs. 

Up to the present time there are reports of six cases in the 'literature, 
including the one herein discussed. Three were reported bj"^ Snell and 
Comfort. In the case herein reported it appears that gall bladder dis- 
ease was perhaps the primary cause of the severe fibrosis and atroplij’- 
of the pancreas, aided perhaps by an old penetrating duodenal ulcer. 
The presence of gall bladder disease (with stones) in Kosenberg ’s’“ case, 
along with a possible cholecystitis in two of the other four cases, sug- 
gests that gall bladder disease may be an important etiologie factor. 
The importance of this possible relationship becomes more apparent 
when we recall that the gall bladder is diseased (usually with stones) 
in such a large percentage of patients with acute pancreatitis and is 
probably the direct etiologie factor in the development of the pan- 
creatitis. In two of Snell’s patients pancreatic lithiasis appears to have 
been the cause of the pancreatic fibrosis with insufficiency, but the cause 
of the pancreatic stones is, of course, obscure. In the case reported by 
Norris, Beard, and Gerber,"® a small carcinoma was found in the head 
of the pancreas. Whether or not this could have been responsible for 
the severe grade of pancreatic atrophy is not certain. Even if it is 
assumed that the tumor was compressing tlie duct of Wirsung, would 
this be sufficient to cause atrophy and fibrosis because of obstruction of 
the duct over such a short time? It appears doiibtful. 

It becomes obvious then that more cases will liave to be studied before 
any conclusion may be reached as to the pi’edominating etiologie factor 
causing the pancreatic lesion. Tlie recent e.xperiments of Chaikoff” sug- 
gest that vitamin deficiency may be an important factor in the develop- 
ment of the disease so far as he has been able to keep two dogs alive for 
at least four years after pancreatectomy when they were fed vitamins 
A B, and D along with lean meat, sncro.se, and bone ash. In children 
Andersen” has suggested that vitamin A deficiency may be an im- 
portant factor in the etiology. The other two possible factors suggested 
bv Andersen were eongenital malformation (duct ohslrnetion) and fetal 
acxite pancreatitis. 

It therefore, appeai-s safe to a.ssume that the fatty infiltration of the 
liver is alwnys’seeondaiy to a severe pancreatic in.sufficiency incident to 
nanercatic atrophv and fibrosis. Undoubtedly, the i)ancreatie fibrosis 
mav be caused bv numerous faefora as described above, including any 
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Although two of the six cases studied were obese, this feature may also 
be coincidental ; both of these eases had hirsutism. Ascites and edema 
of the extremities have been noted too often to be of onlj^ coincidental 
significance. Since renal damage has been insignificant in all cases 
studied, the causative factors of the ascites would appear to be the heart 
and liver. Only two of the six cases had diabetes. In view of the fact 
that pancreatic destruction may be so pronounced, one might expect 
diabetes to be observed more commonly. However, when we consider 
that the glycosuria or diabetes accompanying the destructive tj^pes of 
acute pancreatitis is mild and commonly absent, the infrequency of 
diabetes in pancreatieohepatie disease is not inconsistent. Apparently 
the viability of relatively few islands of Langerhans is sufficient to pre- 
vent diabetes. 

Laboratorj' tests, in addition to the liver function tests and urine 
examination previously mentioned, ma 3 ’- be helpful. Snell and Comfort^® 
call attention to the absence or diminution of pancreatic enzymes in the 
duodenal secretion. On two occasions there has been no free hj’-dro- 
chloric acid in the stomach. This finding maj’- be of considerable sig- 
nificance because gastric analysis was not performed on all the cases 
studied. Anemia appears to be a fairlj" constant finding, being observed 
in four of six cases. The serum amylase in our case was verj’- low before 
operation, but was elevated above normal after operation. The low read- 
ing was presumablj’- an expression of hepatic insufficiencj’-; Somogjd'^- 
has called attention to this relationship, a finding which we have been 
aide to corroborate. The blood cholesterol is usuallj'' lower than normal. 
As stated, there seems to be a definite tendencj' toward a lowering of 
the blood protein level, with a shift toward reversal of the albumin- 
globulin ratio. According to the experience of Keeton and his associ- 
ates^^ and others, this would be corroborative evidence toward the exist- 
ence of hepatic insufficiency. 

A study of the manifestations encountered in the so-called pancreatieo- 
hepatie syndrome shows a definite similaritj"- to those described jmars ago 
(1923) b.v AVhipple^'* as pancreatic asthenia. However, he was describ- 
ing an acute condition observed as a postoperative complication. For 
example, the anorexia, nausea, vomiting, apathjq and loss of weight are 
sj’mptoms in common. In his group he noted a lowering of blood pres- 
sure and oceasionalty a. tendencj’^ toward hemorrhage. Gljmosuria was 
not significant. 

The S 3 mploms of pancreatic steatorrhea of infanc 3 ^ and childhood, as 
noted previously, consisting primarih'- of steatorrhea, diarrhea, loss of 
weight, anemia, protuberant abdomen, mild osteoporosis, and tendenc 3 " 
to bronchiectasis and pneumonia, are remarkabhv similar to the S 3 "mp- 
toms herein discussed as belonging to the pancreatieohepatie syndrome. 
Points of difference consisting, for example, of mild osteoporosis would 
be readily explained because of growth requirements in children. 
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Esanunation of the abdomea revealed a large mass in the right upper quadrant, 
extending domi about 6 cm. below the costal margin. There was moderate tender- 
ness over this mass which presented a smooth surface. Mild hirsutism was present. 
Her height was 5 feet, 6 inches; weight was 1S5 pounds. Gastrointestinal series 




structure pancreas, low power, showing distortion of acinar 

chanBeraml*there^are 'ntercellular fibrosis. Many cells show degenefath-e 

and flbros"s. ^ vacuoles present The picture is one of atrophy 
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Higher vitamin requirements in children would explain the higher in- 
cidence of pulmonarj' infection in. children, if Andersen suggestion 
that the pulmonarj^ infection in pancreatic steatori-hea is secondary to 
a vitamin deficiency is correct. 

Therefore, it is our opinion that the pancreatic fibrosis and fatty liver 
(pancreaticohepatic sjmdrome) in adults is the same disease as pan- 
creatic steatorrhea (congenital steatorrhea) in infancy and childhood. 
Ditferences in the clinical picture of the two conditions are readily 
explained by the influence of giwth requirements in childhood. The 
pathologic features are even more similar, particularty if v'e realize that 
it takes several months for significant fatty infiltration of the liver to 
take place; we would therefore not expect much fat in the liver of an 
infant succumbing to the disease at an age under 6 months. 

TREATMENT 

In view of the splendid contributions of Dragstedt and associates,®' “ 
one of the most important featiu’es in treatment would certainlj'- lie in 
lipocaic therapy. The prevention of death following pancreatectomy 
in dogs by feeding vitamins A, B, and D, as noted by Chaikoff,®' is in 
itself sufficient evidence to justify vitamin therapy. Utilization of high 
carbohydrate and protein diets as indicated may be helpful. The caloric 
intake should be 20 to 25 per cent above the average requirement, be- 
cause of the loss of such a large amount of fat in the stool. The use 
of satyrgan and other drugs should be utilized in symptomatic therapy 
as indicated. The above remarks on therapy apply also to pancreatic 
steatorrhea of childhood, particularly the lipocaic therapy. As a matter 
of fact, on theoretical grounds lipocaic therapy would appear also to be 
indicated in the idiopathic types of steatorrhea (e.g., celiac disease) 
since there is presumably pancreatic dysfunction in that group. 

REPORT OF CASE 

Patient 51. B. (No. 5G711) vas a female 30 years of age, wlio entered the liospital 
Sept. 10, 1037, complaining particularl 3 ' of vomiting of eight veehs’ duration. She 
stated that beginning in about 1922 she developed discomfort in the epigastrium 
associated with occasional vomiting. Vomiting and discomfort occurred particularlj’ 
one or two liours after meals. In 1025 the patient had an appendectom.v without 
improvement. A^’orniting offered relief. S.vmptoms became worse until 1930 when 
she came to Illinois Re.seareii Ilo.spital. Gastric anal.vsis at this time revealed total 
acidity of 50, being elevated to GO. with an Ewald meal. On Alay 14, 1930, the 
patient had a laparotomj-, at which time n duodenal ulcer was found. The ulcer 
was annular, stenosing the duodenum and invading the pancreas. A Billroth II tj-pe 
of resection was performed. For two .vears folloiving operation the patient was 
completely well. In 1932 she had a severe gastric hemorrhage, but she has had none 
since. For the past two years .'he has had intermittent gnawing pain in the 
epigastrium with occ.asional attacks of vomiting; this pain radiates to the left and 
nosteriorlv, suggesting that it might be of p.ancreatic origin. Pain is relieved some- 
Vhat bv alkalies Ordinarily vomiting relieved the pain, but recently it has not 
Tclieved the discomfort which had been even more distre.-sing during the pa.st two 

months. 
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Fig. 3. — Low-power photomicrograph of pancreas, showing necrosis and degenera- 
tion of the acinar tissue. The necrosis is so extensive that all cellular detail is lost. 
In many instances the nucleus is the only structure remaining as identifiable. 
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Islamf pancreas, showing a relatively norm.al 
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revealed a gastroenterostomy stoma functioning well. There was no six-hour re- 
tention. Cholecj'stogram revealed no shadow, indicating a patliologic gall bladder. 
Blood pressure was 125/So. Tlie red blood cell count was 3,000,000. The Kahn 
test was negative. Tlie fasting blood sugar was SI, N.P.N. 27 and blood chlorides 
427. On admission, the patient’s serum amylase was 13 (normal 100 to 150). After 
operation it rose to 255, suggesting that in some way tliere had been a reactivation 
of the inflammatory process in the pancreas. The serum albumin was 2 and the 
serum globulin 2.1, revealing a low albumin level with a tendency to reversal of the 
albumin-globulin ratio. Tlie icterus index and serum bilirubin were two or three 
times normal, being 11 and 0.7 respectively. The blood cholesterol was 135 mg. per 
cent. 


Because of the presence of the mass and symptoms, operation was advised and 
performed on Sept. 20, 1937. The gall bladder was buried in adhesions and con- 
tained numerous stones. The liver was enlarged down to the umbilicus, but it had a 
smooth surface. It was j’ellowish white in color and, except for position, could not 
have been identified as liver. Examination of the stomach revealed the closed jiyloric 
end and a gastroenterostomy conforming to the history of a Billroth II operation 
performed previously. There were numerous adhesions in the region of the stoma 
which included the colon and some loops of upper ileum. It appeared that a gastro- 
colic fistula was perhaps present, but in view of lack of accurate conformation it 
was decided not to do anything about it at this time. Realizing that the patient 
was probably suffering from fatty liver resulting from pancreatic damage, we 
directed our attention to relieving the pancreas, if possible. Because of the relation- 
ship of gall bladder disease to pancreatitis, we decided to remove the badly diseased 
gall bladder, containing stones. This was done, and the wound closed after a biop.sy 
of the liver was taken. The patient made a rather uneventful convalescence follow- 
ing operation and was allowed up on the sixteenth day. Shortly after being up, she 
complained of dyspnea and precordial pain. She was put to bed, but dyspnea, 
cyanosis, and tachycardia persisted in spite of therapy and the signs of acute myo- 
cardial failure persisted until her death a few days later, Oct. 10, 1937. 

Aniopsy Protocol . — The autopsy was performed approximately fen hours after 
death. 

The body was that of a well-developed, moderately obese white woman, 30 years 
of age, measuring 05 inches in length and weighing 175 pounds. The skin and 
mucous membranes were a normal color. There was no cyano.sis or icterus. There 

y * 

was a slight pitting edema of the lower extremities. 

The abdomen was distended. There was a recently healed right pararectus in- 
cision 23 cm. in length. The peritoneal cavity contained only a few cubic centimetcr.s 
of fluid. The intestines were distended and in several places showed perforations. 


obviously post mortem due to autolysis. The omentum was adherent to the parietal 
peritoneum at the site of the surgical incision and also to the gall bladder bed. 
There was no fluid in cither pleural cavity and only a few cubic centimeters of 
clear straw-colored fluid in the pericardial sac. There were no adhesions in the left 
pleural cavity. In the right pleural cavity there were old fibrous adhesions par- 
ticularly dense over the lower lobe. 

The heart weighed 295 Gm. The subepicardial fat was markedly increased in 


amount. The myocardium was light yellowi.sh brown, rather soft and flabby, and 
on the endocardial surface had a mottled yellow “fadcil leaf” appearance. Tlie 
ri^ht ventricular wall averaged .’I mm. in thickness, but in some areas was thinned 
to^'l mm. of muscle, while the remainder of the wall consisted of fat. The valve 
leaflets were normal. The coronary arteries and root of the aorta showed a few scat- 
tered faltv plarpies measuring up to 2 mm. in diameter. 

The lungs were crepitant throughout. Tlieir cut surfaces were moist and reddish 
rjlc in color The larger bronchi contained a small amount of frothy mucus. 



31 


COLE AND H0\\T:: PANCREATICOHEPATIC SYNDROJffi 

pancreatitis is not clear, but presumably it was gall bladder disease 
including cholelithiasis. Although a jejunocolic fistula existed, it is 
difficult to see how this lesion could possibly have been a significant 
factor in the pathogenesis of the panci’eatitis, particularly since con- 
siderable space intervened between the fistulous mass and the pancreas. 
There is much more experimental evidence to point toward a lymphatic 
communication between the gall bladder and pancreas than there would 
be between the pancreas and an inflammatory mass such as that pro- 
duced bj' tlie jejunocolic fistula found in this patient. It is perhaps 
difficult to explain why there should be such extensive fatty degenera- 
tion of the myocardium in a patient only 30 years of age. There was 
clinical evidence of hepatic insufficiency as borne out by the low serum 
amylase on admission, a decreased serum albumin with reversal of the 
albumin-globulin ratio, and a terminal subclinical icterus. The fasting 
blood sugar was 80 mg. per cent and the urine was negative for reducing 
sugars. This corresponds well with the histologic observation that the 
islets of Langerhans Avere little involved by the necrosis and fibi’osis, as 
Avell as Avith the Avell-known fact that diabetes is rarely the sequel of 
pancreatitis, even when severe and causing extensiA^e destruction of the 
pancreas. 

The question of the relation of the type and extent of pancreatic 
pathology to lipoeaic deficiency is interesting. Dragstedt,'^ on the basis 
of experimental Avork, suggests that lipoeaic may be elaborated by the 
alpha cells of the islets of Langerhans and that the lipocaic-deficiency 
syndrome should be fairly common in diabetics. Eosenberg has reported 
a clinical ease of fatty liver Avith deficient function occui'ring in a 
diabetic and improved by the admmistration of lipoeaic. It is of in- 
terest, hoAvever, that his patient had gall bladder colic and was operated 
upon for hydrops of the gall bladder. Although it is a w'ell-knoAvn fact 
that diabetes is accompanied by considerable infiltration of fat in the 
liver, it presumably is not capable of resulting in the degree of fatty 
infiltration illustrated in his case. Obviously, if there Avas any relation 
AAffiatever betAveen the diabetes and the patient’s disease, the diabetes 
should be secondary to pancreatic de.struetion. In Eosenberg’s case, 
as in ours, a definite possible etiologic factor for the development of the 
pancreatic and liver disease existed; namely, cholecystitis. 

In our case the pathology AA^as confined largely to the acinar tissue of 
the pancreas and, estimating roughly, shoAved moderate to extreme 
clianges in three-fourths of the pancreatic tissue. The islets appeared 
normal histologically, though perhaps decreased someAvhat in number. 
On the Avhole, this case does not appear to support the suggestion of 
Dragsteclt that lipoeaic is elaborated by the alpha cells of the islets, al- 
though it Avoukl be entirely possible to have alpha cells deficient in 
function but shoAving no abnormality histologically Avith ordinary stains 
Staining for granules in the alpha cells Avas not 'attempted becausj ten 
hours had elapsed hctAA-een the time of death and the autopsy. 
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The liver weighed 4,410 Gm. ,nnd was uniformly enlarged to almost three times the 
normal size. It was firm, finely nodular, light yellowish brown in color, and on cat 
section the lobular markings were indistinct. Tlie gall bladder had been surgically 
removed. 

The spleen weighed 275 Gm. On section it was soft in consistency, the cut 
edges everted, and the pulp scraped with moderate case. The color was reddish 
purple and the trabeculae and follicles were distinct. 

The pylorus was closed by an old operative procedure and there was a patent 
stoma of a posterior gastrojejunostomy. The transverse colon was closely adherent 
to the stomach at the site of the gastrojejuno.stomy. There was a jejunoeolic fistula 
which easily admitted a finger. The stomach contained intestinal contents of a 
fecal type. Tliere was no evidence of a gastric or jejunal ulcer on careful examina- 
tion. The remainder of the intestinal tract was norm.al cxcejit for autolytic changes. 

The pancreas weighed 40 Gm. and was definitely decreased in size. It was soft, 
light yellow, and lobulatcd. Scattered throughout the pancreas were firm white 
patches measuring up to 3 mm. in diameter. 

Tile kidneys together weighed 375 Gm. The capsules stripped with ease, leaving 
smooth surfaces. On cut section they were soft and pasty pinkish gray, and the 
cortical striations were indistinct. In the left kidney there was a bilocular sub- 
capsular cyst filled with clear fluid. 

The uterus and adrenals were entirely normal. 

Both ovaries showed a few simple cysts, measuring up to 3 mm. in diameter. 

Microscopic sections of liver showed the structure almost completely obscured by 
large vacuoles in the parench\nnal cells, so that from the microscopic structure it 
was difficult to recognize the section as liver. The fat vacuoles were uniformly 
distributed throughout the section, and sections from different parts of the liver had 
an identical appearance. In some areas there was a moderate accumulation of small 
round cells in the portal space. 

Microscopic sections of the pancreas from three different areas showed a varying 
picture. In the white patches described grossly the tissue was entirely necrotic. 
The nuclear outlines of the acinar cells had completely disappeared and only a dim 
shadow of the cell structure remained. In other areas the acinar structure was dis- 
torted and the individual cells separated by fibrous tissue. Many cells showed 
atrophic and degenerative changes. There was an increased number of fat cells 
in the connective tissue stroma. The islets of Langerhans, for the most part, were 
well preserved and showed less pathologic change than did the acinar tissue. Sec- 
tions of spleen and adrenal showed no important pathologic changes. 

The pathologic diagnosis was: (1) Marked fatty metamorphosis of the liver; 
(2) fatty infiltration of the myocardium; (3) focal necrosis, atrophy, and fibrosis of 
the pancreas; (4) old gastrojejunostomy; (5) jejunoeolic fistula at the site of the 
gastrojejunal stoma; (G) healed cholecystectomy: (7) old fibrous adhesions between 
« omentum, parietal peritoneum, and g.all bladder bed; (S) parenchymal degeneration 
of the kidneys; (9) subcapsular cyst of left kidney; (10) old fibrous pleuritis, right. 

COMMENT 

111 our ease the fatty infiltration of the liver and the pancreatic fibrosis 
had progressed to an advanced degi-ee (-weight of liver 4,400 Gm.). The 
iniinediate cause of death -ivas myocardial decompensation as supported 
by replacement of heart muscle by fat to such a degree that in places 
the invocardium was no thicker than 1 mm. In spite of the severe degree 
of pancreatic destruction, the patient did not have the typical fatty 
foul stool e.Nemplifving the disease. The etiologie factor causing the 



31 


COLE AND HOWE: PANCEEATICOHEPATIC SYNDROJEE 

pancreatitis is not clear, l)Ut presumably it was gall bladder disease 
including cholelithiasis. Although a jejunoeolic fistula existed, it is 
difficult to see hoAv this lesion could possibly have been a significant 
factor in the pathogenesis of the pancreatitis, particularly since con- 
siderable space intervened between the fistulous mass and the pancreas. 
There is much more experimental evidence to point toward a lymphatic 
communication between the gall bladder and pancreas than there would 
be between the pancreas and an inflammatory mass such as that pro- 
duced by the jejunocolie fistula found in this patient. It is perhaps 
difficult to explain Avhy there should be such extensive fatty degenera- 
tion of the myocardium in a patient only 30 years of age. There was 
clinical evidence of hepatic insufficiency as borne out by the low serum 
amylase on admission, a decreased serum albumin with reversal of the 
albumin-globulin ratio, and a terminal subclinical icterus. The fasting 
blood sugar was 80 mg. per cent and the urine was negative for reducing 
sugars. This corresponds well with the histologic observation that the 
islets of Langerhans were little involved by the necrosis and fibrosis, as 
well as with the well-known fact that diabetes is rarely the sequel of 
pancreatitis, even when severe and causing extensive destruction of the 
pancreas. 

The question of the relation of the type and extent of pancreatic 
pathology to lipocaic deficiency is intei-esting. Dragstedt,’^ on the basis 
of experimental woi'k, suggests that lipocaic may be elaborated by the 
alpha cells of the islets of Langerhans and that the lipocaic-deficiency 
syndrome should be fairly common in diabetics. Rosenberg has reported 
a clinical ease of fatty liver with deficient function occurring in a 
diabetic and improved by the administration of lipocaic. It is of in- 
terest, however, that his patient had gall bladder colic and was operated 
upon for hydrops of the gall bladder. Although it is a well-knomi fact 
that diabetes is accompanied by considerable infilti'ation of fat in the 
liver, it presumably is not capable of resulting in the degree of fatty 
infiltration illustrated in his ea.se. Obviously, if there was any relation 
whatever between the diabetes and the patient’s disease, the diabetes 
should be secondary to pancreatic destruction. In Rosenberg’s case, 
as in ours, a definite possible etiologic factor for the development of the 
pancreatic and liver disease existed; namely, cholecystitis. 

In our case the pathology Avas confined largely to the acinar tissue of 
tlic pancreas and, estimating roughly, showed moderate to extreme 
changes in three-fourths of the pancreatic tissue. The islets appeared 
normal histologically, though perhaps decreased somewhat in number. 
On llic whole, this case does not appear to support the sugge.stion of 
Dragstedt that lipocaic is elaborated by the ab>ha cells of the islets, al- 
though it Avould be entirely possible to have alpha cells deficient in 
function but showing no abnormality histologically with ordinaiw stains. 
Slaining for granules in the alpha cells Avas not attempted because ten 
hours had elapsed between the time of death and the autop.sA-. 
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It is -well known that fatty clianges in tlic liver, more or less marked 
in degree, may arise from a variety of eanses. Tliese inchulc toxins, 
both endogenous (bacterial) and exogenous (alcohol, chloroform, phos- 
phorus), as well as anoxia (in pneumonias, etc.) which may interfere 
Muth the utilization of fats and. cause their accumulation to cxee.ss in the 
liver. However, in the patients herein discussed, there appears to be no 
doubt that the fatty liver was secondaiy to the ])ancreatic lesion, par- 
ticularly after consideration of the experimental data of Dragstedt and 
others as already discussed. 


SUSIJIARY 

During the past two or three years there have been six eases (includ- 
ing our own) reported having a severe grade of fatty infiltration of the 
liver and fibrosis of the jiancrcas. There is good evidence, experimental 
and clinical, that the lesion in the liver is secondary to pancreatic in- 
sufficiency. There can be little doubt that the pancreatic steatorrhea of 
infancy and childhood is the same disease as that exemplified by the six 
cases herein discussed. Manifestions such as diarrhea with foul bulky 
fatty stools, weakness, anorexia, nausea, vomiting, epigastric distress or 
pain and loss of weight are symptoms in common. About the only 
symptom not seen in each group is osteoporosis, a condition seen occa- 
sionally in children suffering from the disease; failure to encounter this 
in adults is easily explained on the basis of growth demands of child- 
hood. The etiologic factors are unquestionably variable, consisting of 
congenital malformation of ducts, fetal pancreatitis, and vitamin de- 
ficiency in children, and pancreatic stones or gall bladder disease in 
adults. Whether or not an additional factor, such as a deficiency of some 
other glandular organ, is necessary for development of the disease can- 
not as yet be foretold. There is likewise a wide variation in the mani- 
festations of the disease, but certainly no greater than is noted in many 
other diseases. With the amount of clinical data obtained from a study 
of the six eases, it now appears that an accurate diagnosis can readily be 
made without operation or autopsy. Unquestionably, lipocaic is very 
helpful in the treatment of the disease, and may even be curative so 
long as its administration is maintained at proper intervals. 
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Further Observations on the Etiology of B anti’s Syndrome and 
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(From llic Dcpartmcnis of Surifcry, Vraihytcrian Jlospital and Bahics HospUnl,. 
and Uic Fpleen Clinic of Ihc Vandrrhill Clinic) 


' I 'he early descriptions of Banti’- - and his concept of the etiology 
and clinical . course of so-called Banti’s disease are so entrenched 
in medical literature and text that it liccoincs diilicnlt to alter that 
which so long has received the sanction of common usage. The follow- 
ing quotation from CeciP epitomizes the generally aceejited textbook 
version of the disease: “Splenic anemia (Banti’s disease) is a chronic 
disease of unknown origin, probably toxic, and primary in the spleen, 
and is characterized by splenomegaly, anemia, and leukopenia, a tend- 
ency to gastric hemorrhage, increased formation and destruction of 
blood cells, and later by cirrhotic changes in the liver, with ascites and 
jaundice.’’ 

The clinical sequence as described by Banti of (1) primary spleno- 
megaly, toxic in origin, (2) an intermediate stage, and (3) finally, the 
third stage with cirrhosis of the liver, of course, has often been dis- 
puted. The German concept of Stamingsmih^ was an early attempt to 
controvert Banti’s theory. This in general precludes the possibility 
of a toxic substance producing primary splenic enlargement and predi- 
cates the existence^of chronic portal stasis as a precursor of the spleno- 
megaly. It is surprising to find how little convincing evidence has 
been presented to prove either of the two aforementioned contentions. 

The Spleen Clinic of the Presbyterian Hospital has presented a sei'ies 
of papers®"'’ in recent years supporting the view that the picture pre- 
sented by Banti is confusing and misleading in respect to etiologj^ 
clinical course, and treatment. Our group is firmly convinced that the 
etiolog 3 ' of Banti’s sjnidrome may be entirelj' explained on a mechan- 
ical basis; i.e., portal bed obstruction -with an associated “portal hyper- 
tension.”® The site of the obstructive factor causing the portal hy- 
pertension and splenomegalj^ may be iiitra- or extrahepatic. The term 
“cono-estive splenomegaly” suggested by Larrabee,® we believe, is 
more'descriptive than Banti’s disease or Banti’s syndrome. 

The usual intrahepatic lesion producing congestive splenomegaly is, 
of course, cirrhosis of the liver. This paper, however, is solely con- 
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ceiTied with a selected group of 15 patients, all presenting the typical 
symptoms, signs, and blood studies usually associated Avith this syn- 
drome. SeAmre gastrointestinal bleeding occurred in each of these 
patients, yet in no case Avas there coexistent liAmr cirrhosis. We shall 
demonstrate that in most of these patients an extrahepatic obstructive 
factor Avas present in the portal venous bed. In eveiy instance in 
Avhich splenic Amin pressures Avere talien at operation, a "portal hyper- 
tension” could be determined. The nonexistence of liver cirrhosis in 
all was established by most of the available methods at our command. 
These procedures include various Ihmr function tests carried out before 
operation, gross examination of the liver at operation, and liAmr biopsy 
on one or more occasions in the same patient. Furthermore, cAudence 
Avill be advanced to shoAv that cirrhosis not only Avas absent at the 
time of operation, but did not develop as established by the subsequent 
clinical course and further laboratory studies for Amrying periods up 
to nineteen years after operation. In four instances this lack of liAmr 
disease has had additional confirmation by autopsy as Avell. 

EVIDENCE DEMONSTRATING THE iVBSENCE OF LIVER CIRRHOSIS 
IN THIS GROUP OP CASES 

Table I Avill clarify the statements as to the nonexistence of liver 
cirrhosis in all these cases. In the first 2 patients operated upon in 
1920 and 1922, there is the least eAudence. In each instance there is 
only the surgeon’s operative descidption of a normal liver. HoAvever, 
in each of the succeeding 13 patients, almost all of Avhom Aimre operated 
upon by Allen 0. Whipple or myself, at least tAvo forms of corrobora- 
tive eA'idence are presented. Histologic proof of noi'mal liver tissue 
Avas available in 10 of the 15 cases. Liver biopsy Avas done at opera- 
tion in 7 instances and 1 of these also had subsequent autopsy con- 
firmation. Autopsy Avas also obtained in 3 additional patients Aidio had 
no liver biopsy at the time of operation. 

It is our experience that the bromsulphthalein test is a reliable index 
of hepatic damage. We have felt particularly secure in our interpreta- 
tion of these tests because in every case no retention or only a slight 
trace of the dye Avas present in the blood after thirty minutes and no 
equivocal or border line determinations occurred. Bauman and Orr’s''® 
recent report on the accuracy of the bromsulphthalein test is of in- 
terest In not one instance in our series Avas there any inconsistency 
betAAmen liver function test, liver biopsy, or necropsy findings. 

NATURE OF THE EXTRAHEPATIC LESIONS 

As de.signatcd in Table I an extrahepatic obstructive factor Avas de- 
monstrable in the portal venous system of 8 of the 15 patients examined 
(t.uses 4, 5, 6, 7, 9, 11, 12, and 14). This Avas I'ecognisced at the operat- 
ing table in 4 instances and 4 times it Avas only demonstrable at autop.sy. 
Ihe failure to discover an obstructive factor in the other 7 cases is not 
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'S, Splenectomy; L, Ilgntion of splenic vessels; E, exploratory celiotomy. 
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of the problem has been given a good deal of thought and it is our 
belief that Ave may have the answer. It is our purpose to demonstrate 
that (1) the site of the obstruction and (2) Amriations in the anatomical 
distribution of the A^eins forming the portal system may be the deter- 
mining factors goA’^erning symptomatology, course, and eventual pi’og- 
nosis in any individual ease. Eeferring again to Fig. 1, it seems obvious 
that a lesion occluding the portal vein close to the liver Avill impede 
the floAV of a much greater volume of blood than a similar stenotic 
process located in the splenic vein close to the hilum of the spleen. 
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Fig. l—Sclieraatio dra^v^ne (after F. Paitre. H. Lacaze, S. Dupret), indicating the 
Sites or the obstructive factor in the cases designated. 

The former invoh^es the entire return floAv of the portal system ; Atdiere- 
as, the latter affects only the splenic fraction, or approximately 20 per 
cent. This question of the site of the obstruction is fui-ther qualified, 
AA'e believe, by the second consideration just alluded to. This second 
consideration is the variations that occur in the anatomy of the veins 
forming the portal system. 

Fig. d portrays six different anatomical patterns taken from six 
standard sources. Even cnnsoiy inspection of these figures aagII sIioaa’ 
that an obstructive lesion as indicated in B Avill produce much more 
profound alterations in intestinal physiologj- than tlie identical lesion 
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necessarilj' a yoakncss in. our iiypothesis but is due ratiier to the tecii- 
nical difficulties invoh’ed in an operative examination of tlie portal 
venous bed away from splenic bilum, partieularlj^ behind the head of 
the pancreas. 

In this connection it is of interest to note that one patient (Case 4), 
although reported in two previous papers in 1936 and again in 1939 
as having an “obstructive factor” undetermined, has receutlj'^ died, 
and a post-mortem examination was made. This patient had had a 
s 2 )lenectomj^ at 5 years of age and was subsequently followed for 
thirteen years. During this jjeriod he continued to have recurring 
hematemeses and melena and Avas admitted to the Presbyterian Hos- 
pital tAventy-four times. Bleeding Avas alAvays severe and occurred 
aiAproximately tAventy-one times A'ia the esoi)hageal route and ten times 
1361' rectum. Because of (1) the normal appearing liver at operation, 
(2) the normal blood count betAveen bleeding episodes, (3) normal 
liver function tests at the ninth, eleventh, and tAvelfth years after 
splenectomy, Ave felt secure in our belief that cirrhosis never did exist 
and that it subsequently had not developed. This ijatient finally died 
only seven months ago. Before section Avas started, one of our staff, 
William P. Thompson, jjredicted the finding of a normal liver and also 
an obstructive lesion in the portal vein close to liver. Both predictions 
Avere confirmed. 

The nature of the extrahepatie lesions responsible for obstruction to 
splenic blood in this series are listed as folloAvs : 


1. Thrombosis of splenic vein (traumatic) Case 5 

2. Thrombosis of splenic at junction nith portal vein (traumatic) Case 11 

3. Thrombosis of splenic vein (nontraumatie) Case 9 

4. Thrombosis of splenic vein (nontraumatie) Case 14 

5. Stenosis of portal vein (upper end) just below liver Case 4 

G. Stenosis of portal vein (lower end) above entrance of splenic vein Case 12 

7. Cavernomatous transformation of portal vein Case 6 

S. Cavernomatous transformation of junction of portal vein and splenic 

veins Case 7 


The extrahepatie obstructive lesions .just detailed occurred in the 
respective sites indicated on Pig. 1. 

THE ANATOMIC/VL PORTAL A'ENOUS PATTERN AS A DETERMINANT 
OP SYMPTOMATOLOGY AND PROGNOSIS 

In an analysis of the long-term results folloAi'ing splenectomj' in this 
entire grottp, one rather interesting observation has become apparent. 
Pi'oin an examination of Fig. 2 it Avill be seen that 9 of these patients 
continued to have intestinal bleeding folloAiung operation for periods 
varying from eight months to thirteen years ; AAdiereas, 6 Avere imme- 
■diately''relievi d of this serious complication and have remained so for 
-• lono- periods of time, in Case 1 for as long as nineteen years. Why 
' Should such a marked variation in clinical behavior occur? Tins phase 
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occTirniig in an individual possessed of a portal system as illustrated 
in A. Additional observations along these lines vill explain many of 
tbe vagaries and alterations in clinical beliamor in tliese patients. To 
quote specific examples from our series : 

Case 4 sboved a stenotic lesion of portal vein immediately subjacent 
to liver, and Case 12 lower down in tbe portal vein. Kegardless of 
the venous pattern in snch a situation the entire portal floAv is impeded. 
Splenectomy, although returning the blood picture to normal, will only 
remove a small burden of the already overloaded collateral circuit. 
Intestinal bleeding in this tATJe of case, of course, will continue and 
will not only evolve from esophageal A'arices but also from small and 
large bowel. The latter is due to blockage of the superior and inferior 
mesenteric A’enons outflow. These are the cases in which melena will 
always be a dominant feature. 

In Cases 5 and 11, however, the obstructive factor was a thrombosis 
of the splenic vein. This involved only the splenic contribution to the 
portal flow. EstabUshment of a collateral circulation via the vasa 
brevia resulted in bleeding esophageal A-ariees. Following splenectomy, 
this recurring thrust on the varices was removed. These patients had 
subsequently no further bleeding. BetAveen these two extremes all 
gradations in clinical behaA'ior are possible and are dependent, as men- 
tioned before, on (1) the site of the obstruction and (2) the disposition 
of the aceessoi* 5 - veins supplying the portal vein. 

SUAIAI.AKY 

A group of fifteen eases is presented, all Avith the characteristic 
feaUires of Banti’s syndrome and all Avith gastrointestinal bleeding as 
a dominant symptom. Although exhibiting the presumably late sjunp- 
tom of hematemesis, none of these cases had cirrhosis of the liA’er at 
operation or subsequently for long periods of time up to nineteen 
years after operation. The etiology of the splenomegaly can be en- 
tirely explained on a mechanical basis Avith a primary obstructiA^e 
factor in the portal bed and an associated portal hj'pertension. The 
eA'ideuee presented therefore contradicts the sequence described by 
Banti of a primary splenomegaly and a subsequent ciri'hosis due to a 
hypothetical toxic agent. 

A A'ariety of extrahepatic lesions haA-e been listed, all capable of 
pioducing A'enous stasis. In the four instances in Avhich splenic A'cin 
pressures Avere determined a definite A-enons hjqiertension Avas recorded. 
This confirms similar observations previomsh’- reported Iaa^ this clinic in 
other forms of Banti’s syndrome. 

1 he ficqucnej of anomalies in the portal system is stressed. 

In Ihi.s gioup of cases of congestiA'c .splenomegaly due to extrahepatic 
o)SiuctiAe osmns, the progno.sis and A-ariations in clinical behaA’ior 
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THE PROPHYLACTIC USE OP SULFANILAMIDE . 

IN ABDOMINAL SURGERY 

John S. Lockwood, M.D., and I. S. Ravdin, M.D., 
Philadelphia, Pa. 

(From the Surgical Clinic of the Hospital of the University of Pennsylvania and 
the Laboratory of Surgical Bacteriology of the Harrison Department of Surgical 
Besearch, Schools of Medicine, University of Pennsylvania) 

I N VIEW of the dramatically successful results of chemotherapy in 
such diverse infections as hemolytic streptococcic peritonitis, cellulitis, 
and septicemia, colon bacillus pjuiria, gonococcic urethritis, and pneumo- 
coccic pneumonia, the question has logicallj' arisen as to the possible 
effectiveness of sulfanilamide or one of its derivatives in peritonitis of 
intestinal origin. The literature on the surgery of the colon has been 
concerned to a large extent with measures designed to minimize the 
threat of peritonitis as a complication of such operations. That peri- 
tonitis continues to occupy the major position among the causes of death 
following surgical procedures on the large intestine is shown in Table I. 
The operative mortality of radical procedures averages about 18 per 
cent and about 40 per cent of the deaths are due to peritonitis. The 
data of Rankin' show that, while the mortality following simple 
eolostomj’’ may be very low, almost 60 per cent of the deaths that do 
occur are attributable to peritonitis. If sulfanilamide can be safely 
employed to reduce the incidence of postoperative peritonitis, a major 
advance will have been achieved. 

In a previous publication,® dealing with the use of sulfanilamide in 
hemolytic streptococcic infections, expression was given to the opinion 
that the effectiveness of sulfanilamide in any lesion is conditioned more 
by the pathologic character of the infectious process than by the 
degree of susceptibility of the infecting organisms. As a result of a 
three-year experience in the use of sulfanilamide in the prevention 
and treatment of peritonitis on our surgical service at the Hospital 
of the University of Pennsylvania, we are inclined to reaffirm this 
opinion. In this paper we will undertake to supply a rational basis for 
sulfanilamide therapy in polymicrobic peritonitis and to present a 
summary of our experience to date. 

DACTERIOLOGIC CONSIDERATIONS IN PERITONITIS OF INTESTINAL ORIGIN 

Peritonitis of intestinal origin is usually a mixed bacterial infection 
in wliich tlic organisms most frequently found are the Bacillus coli, the 
green or nonhemolytic streptococci, and the Welch bacillus. The care- 
ful studie.s of Meleney, Harvey, and Zaytseff-JenP'’ on the bacterial flora 
of peri tonitis, in which sound bactcriologic methods were used, showed 

I-cirnmn- ‘s'Ua \'o! ITlO.*"'’' university Surgeons .nt Ne^v York. N. V.. 


43 



42 


SURGERY 


are dependent on two factors: (1) the site of the obstructive lesion 
and (2) variants in the anatomy of the venous pattern. To the best of 
our knowledge, this latter concept is herein presented for the first time. 
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THE PEOPHYLACTIC USE OF SULFANILAMIDE 
IN ABDOMINAL SURGERY 

John S. Lockwood, M.D., and I. S. Ra-vdin, M.D., 

PHILADELPHL4., Pa. 

(From the Surgical Clinic of the Hospital of the University of Pennsylvania and 
the Laboratory of Surgical Bacteriology of the Harrison Department of Surgical 
Besearch, Schools of Medicine, University of Pennsylvania) 

I N VIEW of the dramatically successful results of chemotherapy in 
such diverse infections as hemolytic streptococcic peritonitis, cellulitis, 
and septicemia, colon bacillus pyuria, gonococcic urethritis, and pneumo- 
coccic pneumonia, the question has logically arisen as to the possible 
effectiveness of sulfanilamide or one of its derivatives in peritonitis of 
intestinal origin. The literature on the surgery of the colon has been 
concerned to a large extent uuth measures designed to minimize the 
threat of peritonitis as a complication of such operations. That peri- 
tonitis continues to occupy the major position among the causes of death 
following surgical procedures on the large intestine is shown in Table I. 
The operative mortality of radical procedures averages about 18 per 
cent and about 40 per cent of the deaths are due to peritonitis. The 
data of Rankin’’ show that, while the mortality following simple 
colostomy may be very Ioav, almost 60 per cent of the deaths that do 
occur are attributable to peritonitis. If sulfanilamide can be safely 
employed to reduce the incidence of postoperative peritonitis, a major 
advance will have been achieved. 

In a previous publication,® dealing with the use of sulfanilamide in 
hemolytic streptococcic infections, expression was given to the opinion 
that the effectiveness of sulfanilamide in any lesion is conditioned more 
by the pathologic character of the infectious process than by the 
degree of susceptibility of the infecting organisms. As a result of a 
three-year experience in the use of sulfanilamide in the prevention 
and treatment of peritonitis on our surgical sermee at the Hospital 
of the University of Pennsylvania, Ave are inclined to reaffirm this 
opinion. In this paper we will undertake to supply a rational basis for 
sulfanilamide therapy in polymicrobic peritonitis and to present a 
summary of our experience to date. 

RACTEKIOLOGIC CONSIDERATIONS IN PERITONITIS OP INTESTINAE ORIGIN 
Peritonitis of intestinal origin is usually a mixed bacterial infection 
in which tlic organisms most frequently found are the Bacillvs cdli, the 
green or nonhemolytic streptococci, and the Welch bacillus. The care- 
ful s(udie.s of Sleleney, Harvey, and Zaytseff-Jcrn’® on the bacterial flora 
of peri tonitis, in which sound bactcriologic methods were used, showed 
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B. coll in 87 per cent, hemolytic and nonhemolytic streptococci in 7 per 
cent and 21 per cent respectively, green streptococci in 49 per cent, and 
Clostridium wclchii in 38 per cent. The disease was more severe and the 
mortality higher when more than one type of organism was present. 
Tliat the interplay of s.vnergisms among tliese bacteria was an important 
factor in the pathogenesis of peritonitis was further emphasized by the 
experimental studies of Meleney, Olpp, Harvey, and Zaytsetf-Jern.» 
In their experiments mice succumbed when small fractions of the lethal 
doses of individual strains of B. coli, streptococci, and Cl. wclchii were 
mixed prior to intraperitoneal inoculation. These organisms as they 
exist in feces are probabl.v saprophytic i-ather than parasitic, deriving 
their essential nutrition from the fecal contents rather than from the 
host tissues. Before they can shift from the saprophytic phase to the 
parasitic or invasive phase, the ground usuall 3 ' has been prepared by 
primary injury or loss of blood supplj' in some area of the bowel. The 
proteolj'sis of tissue which takes place iir such an injured area irrovides 
the bacteria with an enviromnent in the tissues themselves which is 
suited to their needs, and invasion of the bowel wall and later of the 
peritorreirm itself maj’^ occur. In postoperative peritonitis necrosis of 
tissue at the suture line or leakage of fecal contents into the peritoneal 
cardty is the most freqrrent irritiathrg factor. After the adaptation of 
intestinal bacteria to the parasitic state has been achieved, they may then 
continue to multipljyin tissues wherein primary necrosis has not oc- 
curred. The form of peritonitis most frequerrtlj* encountered, of course, 
is that resulting from appendicitis. In this t.vpe of peritonitis the 
bacteria have srrccessfrrllj' bridged the existing gap between the sapro- 
phj^tic state of intestinal bacteria and the parasitic state of bacteria 
involved in arr irrvasive lesion, the rrccrosis of the appendix itself being 
the most important factor involved in this change. A peritoneal defense 
qrrite adequate to deal with avirrrleirt saprophj'tes nraj’- be quite over- 
whelmed if these same organisms have become toxin-producing parasites 
bj^ multipljdng in ireerotic tissire. We wish merelj’- to re-emphasize the 
well-known fact that whether or not peritonitis results from fecal con- 
tamination incident to a colon anastomosis probablj’ depends as much 
on the amount of necrosis at the siiture line as on anj'^ other considera- 
tion. It maj' be assumed that spreading peritonitis will not develop 
unless the contaminating bacteria encounter in the bowel wall or 
peritoneum an environment capable of suppljdng to them the nutritive 
materials reqiiired for their multiplication and toxin production. 

jrETHODS OF REDUCING INCIDENCE AND MORTALITY OF PERITONITIS 

The risk of postoperative peritonitis in surgery has probably been 
substantially lowered by the institution of a number of improvements 
in sur'^ical technique and management. Among these improvements the 
most rmportant are: (1) atraumatic methods of anastomosis and the 
use of silk for seroserous sutures; (2) preliminary entcrostomj^ with 
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preoperative decompression and cleansing of the bowel; (3) intubation 
with the Miller- Abbott double lumen tube to minimize tension proximal 
to the suture line; and (4) mobilization of the peritoneal defense prior 
to a radical operation. 

It has been suggested that a factor in the lower mortality of multiple- 
stage procedures might be the “vaccination” of the peritoneum in- 
cident to the first stage. The recent studies of Coller and his associates’^ 
on dogs showed that the peritoneum was somewhat more resistant to 
infection by large doses of B. coli two weeks after a precolostomy had 
been performed than the peritoneum of normal dogs or of dogs four 
weeks after such an operation. The magnitude of the protection was 
not as great as that provided bj^ the intraperitoneal injection of coli- 
baetragen (Steinberg)* forty -eight hours before infection. 

There is little unanimity of opinion as to the value of intraperitoneal 
injection of substances such as coli-bactragen designed to mobilize the 
cellular defense of the peritoneum preoperatively. The experimental 
studies of Gay’^ and of Steinberg” have emphasized the importance of 
the large macrophages and the poljTnorphonuelear cells in the protection 
of serous membranes against invasive infection. These cells accumulate 
rapidly following the injection of sterile irritants. Since phagocytosis 
is presumably the chief defense mechanism of the peritoneum, there 
is theoretical support for the desirability of increasing the numbers 
of available phagocytes. Furthermore, it may be that a more rapid 
sealing of serosal surfaces of an anastomosis would take place if the 
peritoneum were mildly irritated and hyperemic. Dixon,’® of the Mayo 
Clinic, is one of the strong advocates of peritoneal protection. He has 
reported a mortality of 6 per cent in 180 resections in vaccinated 
patients, as against 17 per cent in a “similar series” of unvaccinated 
cases. Rankin, who formerly advocated vaccination on the strength 
of an improved moi-tality record during a period in which it was used, 
now attributes the good results to the more careful preoperative decom- 
pression which was instituted at the same time. He has recently re- 
ported’® 130 eases in which no vaccine was used with an 8.4 per cent 
mortality. Coller and Rife” and Ochsner and DeBakey® believe that 
the vaccine should be introduced at the time of operation only in those 
eases where soiling has occurred during resection and anastomosis. 
They believe this to be prefei’able to preoperative vaccination. In our 
experience the pain incident to the preoperative vaccination has ap- 
peared to constitute a real disadvantage. We have not employed this 
procedure in the cases included in this report. 

sulfaxil,vmide in peritonitis 

It is now generally agreed that sulfanilamide owes its effectiveness in 
infectio ns to its capacity to limit the multiplication of bacteria, although 

•CoU-baclrnKcn !.■! a mixture of killod colon bacilli, aleuronat. and traeacanth. 
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there is considerable disagreement as to the precise meclianism by which 
bacteriostasis is induced, hlany factors opei’ate to influence tlie magni- 
tude of the sulfanilamide effect, among them the most important being; 
(1) the size of the inoculum; (2) the concentration of the drug; (3) 
the presence or absence of leucocytes; (4) the chemical state of the 
medium, -with particular respect to its content of split products of 
protein; and (5) the susceptibility of the organisms, varjdng almost 
as much among strains as among sijecies. While the influence of these 
modifying factors is most clearly brought out in in vitro experiments, 
there is reason to believe that similar modif)dng influences usually obtain 
in vivo. 

In the type of peritonitis which follows operations on the large bowel 
most of these factors are adjusted in such a wa 3 " as to allow a drug 
effect of considerable magnitude. The size of the bacterial inoculum 
is relativelj’- small, maiij"^ of the organisms even in feces being dead 
or devitalized; a satisfactoiy concentration of drug in the peritoneal 
fluid maj’' be rapidlj'’ obtained ivith parenteral or oral administi'ation of 
the drug;^® leucoejdes are present in abundance, particularly if peri- 
toneal protection has been instituted ; and, unless a considerable amount 
of devitalized tissue has been left at the site of the anastomosis, there 
would be a minimal amount of protein-split products in the peritoneal 
fluid. Few data are available with respect to the susceptibility to 
sulfanilamide of the bacteria usuallj'^ encountered in this form of 
peritonitis. The colon bacillus is highly susceptible to the concentra- 
tions of the drug which occur in the urine, and, in vitro, the drug has 
a definite effect on this organism in urine u'hen the concentration is 
only 10 mg. per cent, provided protein-split products are excluded.^'* 
On the other hand, the nonhemoljdie streptococci as a group are com- 
paratively resistant to sulfanilamide bacteriostasis. The Streptococcus 
fecalis (Lancefield Group D) infections of the urinary tract do not 
respond as favorablj^ to sulfanilamide as do most other types. Perhaps 
the major question involved in the successful application of sulfanil- 
amide therapy to the mixed infections of the peritoneum is whether 
relative insusceptibilitj’^ of the bacteria to the drug may be compensated 
for by a coincidence, on the farmrable side, of all of the other factors 
tending to modify the drug effect. For example, the staphylococcus is 
ordinarily quite resistant to sulfanilamide in soft-tissue infections, but 
in the urinary tract, or in human serum with a small inoculum of 
staphylococci, high degrees of bacteriostasis may be demonstrated 
provided the concentration of drug is high and protein-split products 
are excluded.^'* 

We are now engaged in an experimental study of the protective 
r lue of sulfanilamide in experimental infections of mice with mix- 
fures^ of the ordinary intestinal bacteria. The experimental details 
wm be presented in a later publication. 
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Table I 


Incidence op Peritonitis as a Cause op Beath in Mortality Following 
Operations for Large Bowel Carcinoma 


AUTHOR 

NO. OF 

LOCATION 

type op operation 

MORTALITY 

DUE TO 

PERI- ■ 

CASES 



% ] 

TONITIS 

Willdei 

101. 

Colon 

Anastomosis or 

15 

14.8 

% 

13.3 

Patterson and 

63* 

Colon 

Miknlicz 

Mikulicz 

12 

19.0 

16.7 

Webb2 

Stone and Me- 

i 166 

Colon and 

Anastomosis or ab- 

23 

13.8 

47.S 

Lanalian^ 
lilayo and 

204 

rectum 

Transverse 

dominal perineal 
Mikulicz, anastomosis, 

33 

16.1 

63.6 

Simpson^ 

Allen® 

653 

Colon and 

or palliative 
Anastomosis, Alikulicz, 

110 

16.8 

30.0 

MacFee® 

156 

rectum 

Colon 

or abdominal perineal 
Anastomosis or 

34 

21.8 

55.8 

Rankini 

969 

Colon and 

Mikulicz 

Colostomy 

42 

4.3 

57.1 

Oclisner and 

Collected 

rectum 

Colon 

Anastomosis or 

412 


41.7 

DeBakeys 

series 


Mikulicz 





‘Excluding 7 unfavorable cases. 


Accounts of the experience gained from the use of sulfanilamide 
therapy in the treatment of local and diffuse peritonitis of appendical 
origin have been published by Corry, Brewer, and NicoP^ and by 
Ravdin, Rhoads, and Lockwood.^® The mortality of acute appendicitis 
in these two series before and since the institution of sulfanilamide 
(for the severe eases) is shown in Table II. It is recognized that 


Table II 

The Mortality From Acute Appendicitis and Its Complications 


TOTAL ] 

. DRAINED 

CASES 1 

DEATHS . 

(%) 


GROSS 

MORTALITY 

'(%) 


Service E — HospHal of the Vniversity of Pennsylvania: 


Before the use of sulfanilamide (to 
1936) 


8* 1 

37.0 

1.4 

With the use of sulfanilamide in 
ca.ses showing infection outside 
the appendix (1936 to 1940) 


It 

1 

j 

41.0 

i 

0.3 

Total 


9 

3S.0 

1.0 


Carry, Brewer, and Nicol: Brit. U. J. 2: 561, 19S9: 


Before the use of sulfanilamide 
(1934-1938) 

1,131 

60 


5.3 

Witli tlio use of sulfanilamide in 
cases of peritonitis (1938-1939) 

273 

3t 


1.1 

Total 

1,404 

63 


4.5 


iiut ujjeraiea upon. 

'■';Ceive sulfanilamide until t-n-o days after operation. 

•Ab.=co.ss'' 
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one is jiistified in reserving judgment as to the statistical significance 
of these figures. However, it may he pointed out that the only death 
in our treated group Avas a patient Avho did not have peritonitis at 
the time of operation and Avho died as a result of separation of the 
stump ligature and massiA'e soiling of the peritoneiTin. Sulfanilamide 
was not started until the third day after operation, Avhen widespread 
infection Avas present. It Avas on the basis of our eoiiA'iction that 
sulfanilamide had been a factor iii saving the liA^es of a fcAV desperately 
sick patients in this group that Ave Avere encouraged to make a trial of 
the drug in the preAmiition and treatment of other types of peritonitis. 
It appeared that sulfanilamide should be eA'en more effecthm in pre- 
Amnting iDOstoperatiAm peritonitis than in treating the established 
disease. In appendical peritonitis all of the aboAm-mentioned factors 
influencing the magnitude of the sirlfanilamide effect except that of 
drug concentration may be unfavorably adjusted; even though the 
necrotic appendix may be remoA'ed, it is impossible ahvays to evacuate 
necz'otic exizdate on the peritoneal surfaces and the leucocytic exudate 
at the time of operation may be already overAvhelmed by the number 
of acth'ely multiplying bacteria (Steinberg’s tertiary stage“®). 

During 1938 Ave started using sulfanilamide in the treatment of in- 
flammatory and traumatic boAvel perforations. We and our associates 
Avere so impressed Avith the recoAmry of some of these cases that Ave 
started using prophylactic sulfanilamide in all of our boAvel resections. 
The volume of material does not Avarrant our presenting it as a 
statistical stvidy. Instead, Ave have elected to include in the three 
accompanying tables all of the cases of these types in Avhich sulfanil- 
amide has been used. Tables III and IV present a conseciAtive series 
of 22 colon resections of Amrious types, 16 in cases of carcinoma and 6 
in nonmalignant lesions. The type of operation performed in each 
case Amried Avith the location and extent of the lesion and the condition 
of the patient. Ileoeolostomy, employing open technique, Avas used 
in 6 instances. In all of the other cases the inAmhmd boAvel Avas re- 
moA’^ed and one or both ends of tlie resected intestine Avere brought out 
through the abdominal Avail as a terminal or a double-barrel colostomy. 
In one case (No. 40929) the tumor had iuAmded the jejunum, necessitat- 
ing resection of a segment of jejunum. The continuity of the small 
intestine Avas restored 1)3’' side-to-side anastomosis. In Case 41646 the 
tumor had perforated and a small abscess Avas opened during the 
process of removing the mass. In Case 43211 resection Avas carried 
out for a lesion of the eecAim Avhich proved pathologically to be an 
acute diverticulitis. Spiking temperature, chills, and jaundice ap- 
peared on the fifth da 3 % tAvo da 3 's after stopping sulfanilamide. Al- 
though the blood cultAAre Avas negative, the existence of suppurative 
pylephlebitis seemed probable. Rapid improvement occurred after 
drug admiiAistration was resAxmed. Ottenherg and Berck== have al- 
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ready reported the recovery under sulfanilamide treatment of two 
cases of suppurative pylephlebitis. 

There were no deaths from peritonitis in the group of twenty-two 
resections and in no case Avas there clinical evidence of peritonitis 
during the postoperative course. The one death which occurred (Case 
43236) was due to coronary occlusion on the first postoperathm day. 
This series is small and of doubtful statistical significance. HoweA^er, 
in vieAv of the usual incidence of peritonitis as a cause of death in 
boAvel resection, as shoAim in Table I, Ave have naturally been en- 
couraged by the results of prophjdaetic sulfanilamide therapy during 
this first year of its trial. Our impression of the probable Amine of the 
drug in these eases is fortified through our previously cited experience 
in the treatment of peritonitis folloAving appendicitis. 

The toxic di'Ug reactions AA^hich occurred in three eases were mild in 
character and responded to stopping the treatment. 

Infection of the abdominal Avound occurred in four eases. It is pos- 
sible that these Avound infections might have been prevented if 
treatment had been continued for longer periods of time. The cellular 
defenses of the peritoneum rapidly may complete the destruction of 
contaminating bacteria Avhieh are inhibited by sulfanilamide. Bacteria 
in an abdominal Avound, hoAvever, are protected against the maximal 
drug effect by the presence of products of tissue proteolysis and may 
grow out and cause infection if chemotherapy is continued for only 
a brief period.®- 

Table V presents 6 instances of inflammatory and traumatic perfora- 
tion of the intestinal tract in Avhich sulfanilamide treatment Avas used. 
The recovei'y of the tAvo patients Avith local peritonitis associated Avith 
sigmoid diverticulitis is perhaps not at all remarkable, but thej'- are 
included in the interest of keeping the series complete. In the other 
4 eases the nature of the lesions found at operation and the immediate 
condition of the individual patients Avas such as to lead us to believe 
that the prognosis Avas extremely grave. Case 42924, a 70-year-old 
man Avith Avidcspread peritonitis from a ruptured dh-erticulitis of the 
right colon, lived long enough to develop a localized peh'ic abscess, AA-hich 
was drained, but he died three AA-eeks folloAving the initial operation, 
from myocardial failure. 

Surgeons have been hesitant to employ sulfanilamide and its deriva- 
tives in the prevention and treatment of peritonitis of intestinal origin. 
This has been due to a Avcll-entrenched belief that sulfanilamide is 
ollectivc only in infections due to certain cocci, pai-ticularly the hemoljific 
streptococcus. It is our iuApression that vmder special experimental 
or pathologic conditions Avhich faA'or drug action, sulfanilamide may 
!>ave some degree of antibacterial effect against almost all species of 
pathogenic bacteria and that the pathologic character of the le.sion i.s 
of gi-cafer importance in conditioning the magnitude of the drug effect 
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Table 


Prophylactic Sdlfaotlamibe 







1 operation 

HOS- 

PITAL 

NO. 

AGE 

admis- 

sion 

DATE 

DATE OF 

dis- 

charge 

DIAGNOSIS 

DATE 

TYPE 

43252 

65 

10/24/39 

11/26/39 

Carcinoma of cecum witl 
metastasis to liver 

ll/ll/3t 

lleocolostomy 

42654 

63 

7/10/39 

8/10/39 

Carcinoma of cecum 

7/ll/3£ 

Ileocolostomy; resection of 
cecum and right colon, 
one stage 

43464 

70 

11/22/39 

1/24/40 

Carcinoma of cecum 

11/25/3E 

Lahey-Bloch-Mikulicz resec- 
tion 

41125 

49 

1/24/39 

2/15/39 

Carcinoma of ascending 
colon 

1/31/39 

One-stage ileocolostomy and 
resection 

43236 

65 

10/31/39 

11/ 5/39 

Carcinoma of ascending 
colon 

11/ 4/39 

Lahey-Bloch-SIikuIicz resec- 
tion 

40232 

56 

10/ 1/3S 

10/22/38 

Carcinoma of ascending 
colon 

10/ 6/39 

Ileocolostomy (tirst singe of 
resection) 

42139 

52 

5/29/39 

7/ 5/39 

Carcinoma of hepatic flexure 

6/ 1/39 

Mikulicz resection 

40929 

51 

1/30/39 

3/22/39 

Carcinoma of transverse 
colon with involvement of 
jejunum 

1/31/39 

2/23/39 

Cecostomy 

Resection of colon and 
jejunum (Devine) 

22671 

67 

6/14/39 

7/ 5/39 

Carcinoma of descending 
colon 

6/17/39 

Obstruction resection (Ran- 
kin) 

37419 

68 

3/13/39 

4/ 8/39 

Carcinoma of sigmoid 

3/23/39 

Resection and colosloni.Vi 
first stage 

44202 

51 

12/18/39 

1/21/40 

Carcinoma of sigmoid 

12/21/39 

Obstruction resection (Ran- 
kin) 

43004 

47 

9/11/39 

10/ 2/39 

Carcinoma of sigmoid in- 
volving uterus 

9/12/39 

Mikulicz resection; partial 
hysterectomy 

41646 

53 

4/ S/39 

5/ 1/39 

Carcinoma of sigmoid 

4/ 8/39 

Resection and colostomy? 
first stage; lesion perfo- 
rated 

41977 

71 

5/10/39 

6/20/39 

Carcinoma of rectum 

5/13/39 

jOckJiart-iMununery ; peri- 

toneum opened 

40935 

51 

1/ 2/39 

2/14/39 

Carcinoma of rectosigmoid 

1/ 7/39 

^irst stage abdominal peri- 
neal 

41515 

60 

3/15/39 

4/18/39 

Carcinoma of rpctiini 

3/21/39 C 

'olostomy 






4/ 1/39 1 

Vrinenl excision 


•h, Hypoderrooclj-sis ; P-o., by mouth. 
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III 


IX COLOX Resections 


sceeanienmide ) 





pre- 

opera- 

tive 

POST*. Di 

OPERA' < 

TIVE DI 
(G5.I.) * 

lYS 

:)F 

WG 

compeications 

COURSE 

remarks 

4.0 1 

o 

4 1 

lematoma of wound '' 

ilery smooth; out of bed 
ninth day 


3.2 

9.6 h. 

4.0 p.o. 

4 c 

Ihill with temperature i 
to 104° fourth, day; 
wound infection 

Smooth except for wound 
infection 


4.0 ] 

16.0 h. 

5 

1 

Smooth 


4.0 : 

L9.2 li. 

4: 1 

<7000 

Normal T.P.R. after fifth 
day; smooth 


6.5 

6.4 h. 

1 ( 

loronary occlusion 


Died 


0.6 h. 

24.0 p.o. 

8 ] 

Slone 

Very smooth; highest 
temperature 100.6° 


4.0 

None 

- 

None 

Smooth; temperature 
normal after ninth day 



14.4 1e 

4 

None 

Smooth 


1.5 

29.1 h. 

5 

None 

Highest temperature 
100.4° on second daj' 

Second stage was a 
very involved dissec- 
tion requiring three 
hours 

1 

16.0 p.o. 1 

3 

iNone 

Very smooth ; liighest 
temperature 100.4° on 
eighth day 


G.O 

16.S 1e 
12.0 p.o. 

6 

Drug fever sixth day 

Satisfactory 



10.8 h. 
17.0 p.o. 

6 

None 

Smooth 


4.0 

24.0 p.o. 

22.4 li. 

9.6 h. 

12.0 p.o. 

17.3 1). 

31.0 p.o 

4 

4 

6 

C 

I. S 

.Tiuindice on fourth day 

Anemia; slight jaundice; 
f pulmonary infarct 

Urinary retention am' 
cystitis; drug fevei 
hftcenth day (scconO 
course) 

Acute anemia; f drug 
fever 

Small hemorrhage in per 
ijieal aoitnd 

Temperature elevated for 
6 days 

. Stormy 4 days; tempera- 
ture to 102.4° second 
day 

1 Temperature to 101.4° 
■ first day; normal after 
1 tliird until drug fever 

Late temperature rise to 
102.4° on fourth and 
fifth days 

- Smooth; temperature tc 
102° on second day 

Cause of jaundice un- 
known ; possibly sul- 
fanilamide; cleared 
up after stopping 
drug 

' Anemia and fever prob- 
ably due to drug 

) 
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Table 


Prophylactic Shlfanilasiide in the 




AD- 

MISSION 

DATE 

DATE OF 

DIS- 

CHARGE 



OPERATION^ 

hospital 

NO. 

age 

DIAGNOSIS 

DATE 

TYPE 

43181 

53 

10/21/39 

11/25/39 

Chronic ulcerative coli- 
tis; multiple polj'posis 

10/28/39 

Ileostomy; resection 
right colon 

■ 43181 

53 

12/15/39 

1/25/40 

Chronic ulcerative coli- 
tis; multiple polyposis 

12/19/39 

Resection left colon 

43211 

36 

10/25/39 

12/13/39 

Acute diverticulitis of 
cecum 

10/25/39 

Resection of cecum 
(Mikulicz) 

3688G 

22 

4/10/39 

5/ 2/39 

1 

Terminal ileitis 

4/13/39 

Ileocolostomy, one 
stage; resection 

42844 

45 

9/ 5/39 

9/26/39 

Terminal ileitis 

9/ 9/39 

Ileocolostomy, one 
stage; resection 

41722 


10/26/39 

11/28/39 

LjTnphopathia venerea ; 
previous colostomy 

11 / s/soj: 

Resection of sigmoid 
and rectum 


*h, Hypodermoclysis ; p.o., by mouth. 


Table 


Prophylactic Sulfanilahide 





date of 

DIS- 

CHARGE 


1 OPERATION 

HOSPITAL 

NO. 

AGE 

AD- 

MISSION 

DATE 

DIAGNOSIS 

DATE 

TYPE 

39053 

61 

4/28/38 

0/ 4/38 

Acute sigmoid diverticu- 
lum ; perforation fol- 
lowing enema ; gener- 
alized peritonitis; bel- 
ly full of soapsuds 

5/ 5/38 

Colostomy with exte- 
riorization of per- 
foration 

43157 


9/12/39 

10/21/39 

Perforation of esopha- 
gus by esopliagoscope; 
cardiospasm 

9/12/39 

Repair of perfora- 
tion ; splenectomy 

42924 

70+ 

9/10/39 

10/ 9/39 

Ruptured diverticulitis 

of right colon; diffuse 
peritonitis 

9/16/39 

Drainage 

40982 

52 

12/27/38 

1/10/39 

Sigmoid diverticulitis; 

local peritonitis 

12/27/38 

Exploratorj' laparot- 
omy and drainage 

40220 

S mo. 

8/30/3S 

9/ 6/38 

Perforated Meckel's di- 
verticulitis 

8/30/38 

Exploratory laparot- 
omy; diverticulec- 
tomj’; no drainage 

40687 

51 

11/30/38 

12/21/38 . 

.-Vcute sigmoid diverticu- 
litis; local peritonitis 

11/30/38 ] 

Drainage 


*li, Hypot^crmoclysis ; by mouth. 
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IV 


Nonjialigxant Lesions of the Colon 


sulfanilamide I 

DAYS 

OF 

DRUG 




PREOP- 

ERATIVE 

(GM.) 

POSTOP- 

ERATIVE 

(GM.)* 

complications 

COURSE 

REMARKS 

2.0 

18.4 h. 

3.0 p.o. 

5 

Phlebitis twelfth day 
day 

No abdominal com- 
plications; up on 
tenth day 



10.8 

2 

Infected wound 

Febrile 



23.2 h. 
28.0 p.o. 

3 

7 

? Pylephlebitis o n 
fifth day; jaundice, 
chills and fever 


Signs of pylephlebitis 
disappeared rapidly 
after resumption 

of sulfanilamide 


25.6 h. 
4.0 p.o. 

6 

None 

T.P.B. normal third 
day; very smooth 



14.4 

3 

Minor ivound infec- 
tion 

T.P.R. normal fourth 
day; very smooth 


5.0 

6.4 h. 
13.0 p.o. 

0 

Wound infection 

Smooth 



V 


IN Bowel Perforations 


SULFANILAJIIDE ] 

DAYS 

OF 

DRUG 




PREOP- 

ERATIVE 

(GM.) 

POSTOP- 

ERATIVE 

(GM.)* 

COMPLICATIONS 

COURSE 

REMARKS 


28.S liypo. 
5.0 p.o. 

7 

Drug fever fifth day 

Temperature below 
100° for five daj-s 



28.8 h3'po. 

3 

0 1 

Wound infection 

Febrile 

Culture : Hemolj-tic 

Staph, aureus and 
nonhemolj-tic strep- 
tococcus 


24.0 In'po. 


Pelvic abscess 
(drained 10/5/ 

39) ; cardiac fail- 
ure 

Gradual failure after 
tliree weeks; no 
peritonitis 

Died 


10.6 h. 

9.0 p.o. 

0 

None 

Verj’ smooth 

Culture : staphylococ- 
cus 


7.2 h. 

3 

None 

T.P.R. normal after 
third daj-; very 
smooth 

Culture : staphylococ- 
cus 


17.0 h\-po 
1.3.2 p.o. 

7 

None 

Verj- smooth 

Culture: Nonhemo- 

Ij-tic streptococcus 
and Str. virklans 
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than the considerations of bacteriologic specificity. In peritonitis a 
minimal drug effect against the intestinal pathogens may serve to aug- 
ment the natural defenses of the peritoneum to the extent that the 
balance of factors will become favorable to the host. There is no evi- 
dence available to justify the emplojmient of sulfanilamide prophylac- 
tieallj^ or therapeutically to the exclusion of any other recognized 
principles or practices of therapy. We believe that the weight of 
experimental and clinical evidence now justifies the use of sulfanilamide 
as an adjunct to other forms of treatment in the management of threat- 
ened or established peritonitis of intestinal origin. 


SUMMARY 

1. In spite' of important advances in technique peritonitis remains 
an important cause of death following operative procedures on the large 
intestine. 

2. Peritonitis of intestinal origin is a poljnniei’obic infection, and 
the bacteria concerned in its production are relatively, but not en- 
tirely, resistant to sulfanilamide bactei’iostasis. 

3. This bacteriostatic effect may become significant in the peritoneal 
defense against postoperative peritonitis if an adequate concentration 
of drug is present, if the number of contaminating organisms is small, 
if tissue necrosis is minimal, and if the usual cellular defense is 
present. 

4. Clinical experience is as yet insufficient to warrant final conclu- 
sions as to the effectiveness of sulfanilamide in the prevention of 
peritonitis. 

5. A series of sulfanilamide-treated cases is presented in which it 
is suggested that the drug may safely be used in conjunction with other 
therapeutic measures of recognized value. None of these cases showed 
evidence of spreading peritonitis after the institiition of sulfanilamide 
therapy. 
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THE REPAIE OP TRACHEAL AND BRONCHIAL DEFECTS 
.. WITH FREE FASCIA GRAFTS 

Max Taffel, M.D., New Hatox, Conn. 

(From the Department of Surgery, Tale University School of jHedicAne) 

TN 1909 Kirselmer'* published his first extensive communication describ- 
A ing the many possible uses of free homologous grafts of fascia. In 
the immediately subsequent years Hohmeier,^’ ^ Davis, ^ Kostenko and 
Rubaschew,'' and Neuhof® reported experimental studies where free 
grafts of fascia had been employed to cover defects in the cervical 
trachea. A window of vaiying size was made in the anterior wall of 
the trachea and this was at once covered with a rectangular flap of 
fascia sewn securely in place at the margins* of the defect. In addition 
Hohmeier^ performed tracheotomies in two of his animals, and, after a 
period of twelve and thirteen days respectively, debrided the slightly 
infected edges of the traclieal opening and sutured a patch of fascia 
over it. The wounds in both instances healed per primam. Hohraeier^’ ^ 
alone derived his grafts from the fascia of the sternocleidomastoid mus- 
cle. The other authors turned to the fascia lata. In 1912 Levit® and 
later Lucas' and Neuhof® each reported a clinical case of a long-standing 
tracheal fistula which had been successfully repaired with a segment of 
fascia lata. 

The purpose of these experiments was to reopen the subject concern- 
ing the employment of fascia grafts in repairing defects of the re- 
spiratmy tree, to studj' histologically and at vaiying time intervals the 
nature of the repair, and to determine whether such a graft could be 
utilized in the closure of tracheal and bronchial defects within the 
thorax. Pour series of experiments were carried out, all in dogs: (I) 
Repair of cervical tracheal defects; (II) repair of bronchial defects; 
(III) repair of bronchial defect after lobectomy; (IV) repair of tra- 
cheal defect after total pneumonectomy. 

Series I. Eepair of Cervical Tracheal Defects (Six Animals ). — ^Under 
intravenoiis nembutal anesthesia the trachea was exposed through a 
midline incision in the lower neck. A rectangular full thickness seg- 
ment of the anterior tracheal wall, measuring 1 ly 1 cm. and inchiding 
arcs of one or two tracheal rings, was excised. Tlie ojien window was 
covered with a .slightlj' larger free patch of deep cervical fascia which 
was sutured to the outer surface of the trachea at a distance of about 
3 mm. from the margins of the defect. The sutures did not penetrate 
the lumen of the trachea and were placed in .such a way as to make the 
fascia span tightly across the defect. Tlicre was thus no fluttering of 
the "raft with the phases of respiration. Interrupted sutures of fine 
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black silk placed closely together were used. An airtight closure, deter- 
mined Jiy flooding the wound Avith salt solution, was obtained in each 
instance, and the Avound A\'as sutured in layers AA'ithout drainage. All 
the animals suindved the procedure and remained perfectly Avell through- 
out the duration of the experiments. The AAmunds healed per primam. 
In no instance AA'ere any respiratory eomx>lications or subcutaneous em- 
physema noted. The animals AA'ere sacrificed at the end of one, tAVo, 
three, four, eight, and tAA'clve AA’eeks respeetiA'ely. Immediately before 
death, the Avounds in the neck Avere opened and the operathm sites in the 
trachea exposed. The ucaa' tissue filling the defect in each instance was 
firm and did not flutter. 

Dog 429 Avas sacrificed after one Aveek. Gross Findings. — The pre- 
tracheal muscles are looselj’’ adherent to the trachea at the site of the 
defect. The graft is easily identified and is firmlj'^ in place. It has 
lost the usual appearance of fascia and noAV presents' as a flat sheet of 
semiopaque broAA’ii-red finely granular tissue completely covering the 
tracheal defect and projecting hardlj*^ at all into the lumen of the 
tracliea. The inner aspect of the graft is bare and naked of epithelium 
except at its very borders Avhere a thin edge of neAv epithelium is groAV- 
ing in from the tracheal mucosa. The rest of the trachea, the bronchi, 
and the lungs in this animal as well as in all the others in this series 
reveal no evidence of anj^ inflammatory reaction. 

Microscopic Findings. — The graft appears to liave lost its usual 
cytologieal architecture and is represented as a poorly delimited sheet 
of homogeneous pink-staining tissue containing scattered pyknotic ves- 
tiges of former nuclei. Invading the periphery of the graft and com- 
pletely covering its external surface is a rich groAvth of fibroblasts Avhich 
contains Avithin it many neAA'ly formed, thin-Avalled blood vessels and a 
heavy sprinkling of polymoi-phonuclear leucocytes and round cells. 
Tlie central core of the graft is as yet free from this invasion. The 
luminal surface is coA'ered Avith a layer of fibrin sparsely infiltrated Avith 
polymorphonuclear leucocytes. There is some regeneration of the 
mucosa at the edges of the defect. The ncAV epithelial cells are flatter 
than usual, and no cilia are seen. Taa'o silk sutures, cut in cross section, 
are surrounded by a thin Avail of fibroblasts and leucocytes. 

Dog 428 Avas sacrificed after tAvo Aveeks. Gross Findings . — The trachea 
is not unduly adherent to the adjacent muscles. The defect is com- 
])letely covered by red, granular, vascular tissue. The epithelium, which 
has noAv regenerated over the entire inner surface of the graft, appears 
to be definitely thinner than that of the adjacent mucosa. The defect 
lias not shruukcAA appreciably in size, and there is at no point auA' 
diminution in the caliber of the trachea. 

Micro.<;cop!c Findhigs . — The epithelium has completely regenerated 
and covers the entire defect except at one iioint near its center Avhere 
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it appears to liave been brushed aAvay in the proeess of preparing the 
section. Tlie eells are flat to enboidal. Deflnite eilia are seen.Jn the 
new niiicosa, but these are sj)arse. No submucous glands are present. 
The original graft is not recognizable, and the defect is filled with a 
thick vascular layer of fibroblasts which are beginning to resemble 
adult connective tissue cells. There is a scattered infiltration every- 
where, including the new mucosa, of polymorphonuclear leucocytes and 
round cells. This is most marked in the outer surface of the trachea, 
well outside the zone of the defect, Avhere several small and large clusters 
of leucocytes and fibroblasts encapsulate the cut ends of silli sutures. 
Here occasional multinucleated giant cells are seen. New budding car- 
tilage cells are growing from the cut ends of the rings adjacent to the 
defect. 

Dog 425 was sacrificed after three weeks. Gross Findings . — The tra- 
cheal window, unaltered in its dimensions, is closed with a firm layer 
of pale red tissue which does not project into the lumen of the viscus. 
The epithelium, has completely regenerated. There appear to be no re- 
mains of the original fascial stamp. 

Microscopic Findings . — ^No definite traces of the graft can be dis- 
cerned. The defect is bridged with a layer of loose vascular areolar 
tissue which now closely resembles adult connective tissue. The cellular 
infiltration is still present but is veiy much diminished in extent. On 
the outer surface of the trachea at some distance from the edge of the 
defect a few large clusters of pol.vmorphonuclear leucocytes are present. 
Silk strands are foiuid within some of these. The mucosa has completely 
regenerated. The cells are flat to^cuboidal in shape, but abundant eilia 
are present. A few subepithelial mucous glands and three small islands 
of young cartilage cells are in evidence in the new subepithelial connec- 
tive tissue near the borders of the defect. 

Dog 423 was sacrificed after four weelvs. Gross Findings . — The de- 
fect is well covered with a pale 'white tissue resembling connective tissue. 
The mucosal surface of the trachea eveiywhere appears to be normal and 
intact. 

Microscopic Findings (Fig. 7). — No distinct traces of the graft are 
present. There is complete regeneration of the epithelium which is 
aiTano-ed in the typical pseudostratificd formation and is no longer 
distinguishable from the normal previously intact epithelium. Filling 
the defect is a layer of well-differentiated adult connective tissue scat- 
tered within which are a moderate number of blood vessels and occa- 
sional areas of differentiating fibroblasts. The cellular infiltration is 
still present, but it is not conspicuous. Foreign body reactions arc seen 
surroundin*-’ fragments of silk sutures in the outer tracheal wall. There 
arc a few islands of regenerating cartilage eells and mucous glands in 

the new submucosa. 
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Dog 422 was sacrificed after eight weelcs. Gross Phidings.—The pre- 
tracheal muscles are quite adherent to the traeliea. The defect is filled 
with a thin layer of white avascular translucent tissue. The epithelium 
is intact. 

Microscopic Findings . — ^Normal adult relatively avascular connective 
tissue spans the defect. Cellular infiltration is minimal. The new 
mucosal lining is made up of the usual ciliated tracheal epithelium with 
an alrandanee of glohlet cells. Some silk strands encapsulated by con- 
nective tissue cells are seen. A few scattered fibers of the adherent 
pretracheal muscles are noted. 

Dog 374 was sacrificed after twelve weeks. The gross and micro- 
scopic (Pig. 11) findings are essentially identical to those described in 
Dog 422. 

Series II. Bepair of BroncJmd Defects (Six A7iivials ). — Under in- 
travenous nembutal anesthesia supplemented with intermittent admin- 
istration of positive pressure through an inlying intratracheal tube, the 
left hemithorax was enterc'd through an incision in the fourth left inter- 
space anteriorly. The main left upper lobe bronchus was identified and 
a full thicluiess rectangular segment measuring 0.5 by 0.5 cm. excised. 
The defect was bridged in the same manner as descriljed in Series I 
with a free flap of deep fascia removed from the chest wall, care being 
taken to ensure an airtight closure. In some instances a small bit of 
striated pectoral muscle was applied to reinforce the closure. The left 
lung was then expanded and the wound in the pleura and chest wall 
closed without drainage. All the animals survived the procedure. The 
wounds healed per primam. No i-espiratory difficulties of any nature 
were encountered. There were no instances of hydrothorax, pyothorax, 
or tension pneumothorax. The animals were sacrificed at the end of one, 
two, three, four, eight, and twelve weeks respectively. Before removing 
the anterior chest wall, the lungs were inflated in situ with air, and 
the trachea clamped. The same gross findings were observed in the six 
animals of the series. All the lobes of the lungs were fully and normally 
expanded and filled their respective pleural cavities. The left upper 
lobe was pink and crepitant with no foci of atelectasis or pneumonic 
infiltration. There was no free fluid in either pleural cavit.v. The 
wound in the parietal pleura at the fourth left interspace healed well 
and did not become adherout to the left lung. The lungs and tracheo- 
bronchial tree were removed on masse. A solution of 10 per cent forma- 
lin was in.ieeted into the trachea in an amount sufficient to distend the 
lungs to approximately their u.sual size within the thoracic cavity. The 
trachea was then ligated and the entire pulmonary system submerged 
in formalin and allowed to fix. 

Dog 411 was .sacrificed after one week. Gross Finduu/s.~Thcv<?. is no 
encroai'hment of the left upper lobe bronchial lumen at the site of the 
defect. The graft can be recognized, but it is dull, opaque and granular 















Fig. 3. — Dog 417. Lobectomy (one week). Epithelium completely regenerated. 
Marked proliferation of new cartilage. Remainder of defect filled with granulation 
tissue and fat-containing cells. Graft (6) presents as thin, wavy, shredded structure. 
(X6.5.) 
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and does not resemble the former pale stamp of connectivci tissue. ' Tlip 
mucosal surface of the graft is raw and covered with fibrin. 

Microscopic Findings (Figs. 1 and 2). — The graft is easily identified 
and does not appear to be viable. It takes a diffuse homogeneous pink 
stain and contains scarce nuclear elements. It is surrounded by a layer 
of invading fibroblasts and young, newly, formed blood vessels. A 
marked infiltration of polymorphonuclear leucocjdes and round cells is 
present in these invading zones as well as among the fibroblasts sur- 
rounding strands of silk sutures. There arc scattered groups of large 
faFeontaining cells. Early and limited regeneration of epithelium is 
noted only at the margins of the defect, v’hile the inner aspect of the 
remainder of the graft is covered with very vascular granulation tissue 
over which lies a sheet of fihrin heavily infiltrated with white cells. 



pjg. 5 pog* 41D. Bronchus window (two weeks). Graft (G) with outlines poorly 

‘ defined, being replaced by proliferating fibroblasts. (Xl25.) 


Do" 410 was sacrificed after two wcclcs. Gross Findings . — The bron- 
5 ehial lumen is free and not constricted. The graft cannot be recognized, 
; and the gap is filled with a flat layer of brown-red vascular tissue. The 
bronchial mucosa is everywhere intact. 

• Microscopic Findings (Fig. 5).— The mucosa is completely regen- 
; .jjieci - It is composed of pseudostratified ciliated columnar epitliclium 
and contains many goblet cells. Beneath this new mucosa is a layer of 
fibrhblasts loosely arranged and harboring witiiin it many tliin-walled 
blood yesscls and few leucocytes. There is no evidence of regeneration 
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of the miiscularis mucosa. The fascia graft is fragmented, takes a 
homogeneous pink stain, and appears hyalinized. Each fragment is 
surrounded and invaded by fibroblasts heavily infiltrated with poly- 
morphonuclear leucocytes and round cells. A few strands of sillc are 
similarly being invaded. Several clusters of fat-containing cells are 




Lobectomy (three weeks). Mucosa regenerated. Smooth muscle 

shr(Vffefl cartilage are present B represents 

shrcnaea black .silk suture. There ks no evidence of graft (X 17 .) 








l>l.'l.ny r.'K.nonuod,^’ Ivf Re.-spinitni-j- opltlicliii,,, com- 
innilmilun not ' pr..'mln,'n!'. ( y 1 1 1'“'' connective tissue. Cellular 
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Dog 409 was sacrificed after three weeks. Gross Findings . — Tlie 
lumen of the bronchus is not narrowed. The original defect appears to 
be shrunken somewhat in size and is covered with a sheet of red-brown 
tissue, the inner surface of which is completely epithelialized. 

Microscopic Findings . — The pseudostratified ciliated columnar epi- 
thelium is completely regenerated and rests upon a layer of young con- 
nective tissue cells. No museularis mucosa is present here. In the area 
of the defect there are scattered fragments of thin viable adult con- 
nective tissue which are pai’tially encircled by fibroblasts and fat- 
containing cells. These fragments appear to be the remains of the 
original graft which have “taken.” The cellular infiltration is in 
general less conspicuous, while scattered foreign body multinucleated 
giant cells are present in large numbers within islands of granulation 
tissue near strands of silk. At the borders of the defect there are a few 
small scattered clumps of young cartilage. 



j, r)o- 107 Bronchus window (four weeks). lUicosa Intact and rests on 

io,.nl^'r,r connective’ tissue. FibrobIast.s and wanderins cells noted clileny around 
s^itures (B) Well-stained libers oC striated muscle (M) are present. (X12.) 

Do" 407 was sacrificed aftei- four weeks. Gross Findings.— The 
is iiitact. The defect is spanned by a thin layer wliicli resembles 
connective tissue in its gross characteristics. 

Microscopic Findings (Fig. 8).— Under the completely regenerated 
euUhelium there is a layer of normal adult connective tissue and a 
moderate amount of adipose tis,sue. Mucous glands and a few islands 
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of young cartilage cells are present in the new submueosa, but no smootli 
muscle elements can be clearly recognized. The cellular infiltration is 
almost completely absent and, together with differentiating fibroblasts, is 
limited to the areas immediately adjacent to strands of silk. At one 
point near the border of the defect some viable, well-stained fibers of 
striated muscle ai-e noted. 

Dog 398 was sacrificed after eight Aveeks. Gross Findings . — A thin 
layer of translucent connective tissue which contains elements of carti- 
lage spans across the defect. The mucosa is intact. 

Microscopic Findings (Fig. 9). — A layer of adult connective tissue 
fills the defect. In addition there is a striking proliferation of young 
cartilage cells which have overgrown from the edges and almost meet 
in the center of the defect. The epithelium is ciliated and completely 
regenerated. The submucosa is composed of connective tissue and con- 
tains mucous glands but no smooth muscle. Silk strands encapsulated 
by a thin collar of connective tissue and small round cells are present. 



'Vindow (ciffht weeks). Jlucosa roseneratod and 
o\erBTo\vtli of new c-arttlaec. Adult connective tissue present everv- 
imrnoS (X0.T^ ^ fibrobVa.stB are 


Dog 387 was sacrificed after twelve weeks. The gro.ss and microscopic 
U'lg. 12) findings are essentially the same as those de.seribed for Do" 
398. The marked proliferation of cartilage is not noted here There 
IS no evidence of any new grotAih of the mmscularis mucosa. 
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Series III. Bepair of Bronchial Bcfeci After Lohcctomij (Six Ani- 
mals ). — The anesthesia and operative approach were the same as tliose 
described in Series II. The left upper lobe ijulinonary arteries and veins 
were isolated, doubly ligated, and divided. A clean transection of the 
left upper lobe bronchus was made exactly at its bifurcation from the 



Fig. 10. — -Dog 426. Pneumonectomy (eight weeks). Defect spanned by connective 
tissue into 'U'hicli there has grown at one side a tongue of new cartilage. Mucosa 
intact. The projecting submucosal tuft of granulation tissue harbors a silk suture In 
its center. (XH-) 



Fig. 


T-, I-J Tr.Trlieiil wlnilow (tWi-Ivi- wrok.s). 
fnycr orconnfctlvo A fw suti.r..,. 


Mucosa intact and resting upon 
are sevn. ( X 1 1. ) 
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left main bronclins and the left upper lobe was removed. A patch of 
deep thoracic fascia was sewn securely over the open hole, care being 
taken to make the closure airtight. The left lower lobe was allowed to 
expand, and the wound in the chest wall was repaired in layers without 
drainage. The dogs survived the iirocedurc without developing any 
complications. The wounds healed per primam. No respiratory diffi- 
culties were encountered at any time. The animals were sacrificed at the 
end of one, two, three, four, eight, aiid tu'elve weeks respectively. As 
in Series II, the lungs were inflated in situ with air and the trachea 
clamped, prior to opening the thoracic cage. All the animals exhibited 
essentially the same gross findings. The empty nest of the left upper 



lobe was filled in ])arl by the overexpanded left lower lobe and in part 
by the similarly overexpanded right upjicr lobe which, together with 
its ad.iaceut mediastinum, had ci’ossed the midline and herniated into the 
left ni)per thoracic cavity. These changes in the realignment of the 
ioiios of the lung were noted as early as one week after the operation and 
were indeed almost comidotc at that time. The left lower lobe was 
always well expanded and revealed no evidence of inflammatory infiltra- 
tion. No blood or free fluid was found in either of the ]fleural cavities. 
Tlicrc were no adhesions between the left lower lobe and the parietal 
tdeural wound. After removal from the thorax the lungs wore inflated 
with 10 per cent formalin and fixed in this position. 
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The gross and microscopic findings in this group were essentiallj' 
the same as those noted in Series II and therefore will not be described 
in detail. There appeared in this third series to be a greater shrinkage 
of the size of the defect than was observed in either of the other two 
groups. Regeneration of the mucosa was complete by the end of the first 
week (Fig. 3). The epithelium was ciliated and pseudostratified, and 
contained numerous goblet cells. In addition there seemed to be a 
greater growth of new cartilage, which for the first time seemed to take 
an aeti^'e part in filling the defect. The museularis mucosa was quite 
abundant in the new submueosa, but whether this was due to an actual 
proliferation of smooth muscle cells or to their possible displacement 
from the adjacent normal submucosa could not be determined. The 
progressive changes in the graft were the same as those described pre- 
viously. The animals in this gi-oup were Dogs 417, 416 (Fig. 4), 414 
(Fig. 6), 413, 412, and 406 (Fig. 13). 



„. noe 40 (). Ijobectomy (twelve weeks). Regenereted imico.s.i, covering 

connective tissue. Tlie many silk sutures cut in cross section arc sur- 
^'''^'^led bv thin collars ot differentiating flbroblasts and wandering ccll.s. (XU.) 


Series IV licpair of Trarhcol Defect After Total Pncuoioncctoiiu/ 
/Two The ancstlicsia and the operative approach were the 

mo ns those described in Series II and III. Tlie left main pulmonary 

ZS, md voim .c-c i»lnl 0 <I. „,„1 .Ihided, Tl,e 

main left bronchus was transected exactly at the point where it braiielicd 
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off from the trachea, and the left lung was removed. No bronchial 
stump remained. A stamp of deep thoracic fascia was sewn securely 
over the open defect in the trachea, and the wound in the chest Avail Avas 
closed Avithout drainage. Both animals survived the procedure and 
made uneventful recoveries. The umunds healed per primam. The ani- 
mals Avere sacrificed at the end of eight and tAvehm Aveeks respecthmly. 

Dog 426 Avas sacrificed after eight Aveeks. At autopsy the. right lung 
Avas inflated Avith air, and the trachea Avas ligated in the neck before 
removal of the chest Avail. 

Gross Findings. — The left diaphragm is elevated, and the bony 
thoracic Avail on this side is slightly shrunken. The heart lies entirely 
Avithin the left hemithorax. The remainder of this half of the thoracic 
cavity is filled largely Avith the overexpanded right upper lobe Avhich 
has hei'niated across the midline, and to a lesser extent Avith the OA'er- 
expanded right lower and mediastinal lobes. There is no free fluid 
within the pleural cavities. The AA’Ound in the left parietal pleura is 
completely healed and is not adlierent to any of the underlying thoracic 
viscera. The lobes of the right lung are all overexpanded and are soft 
and crepitant throughout. The defect at the bifurcation of the trachea 
is spanned by a layer of broAAm-red translucent tissue, the inner aspect 
of which is completely epithelialiaed. There is at no point any ap- 
preciable encroachment upon the lumen of the trachea or' the right main 
bronchus. 

Microscopic Findings (Fig. 10). — The ciliated pseudostratified epi- 
thelium is completely regenerated. The submucosa is moderately thick 
and contains many mucous glands and a heavy infiltration of poly- 
morphonuclear leucocytes and round cells. The inflammatory^ cells are 
prominent chiefly in the neighborhood of the sutures. External to the 
submucosa is a relatively avascular layer of adult connective tissue 
cells and ncAv cartilage. The original graft cannot be recognized. A 
small submucosal tuft of granulation tissue Avith a silk suture at its core 
is noted. 

Dog 424 Avas sacrificed after tAvelve Aveeks. The gross findings are 
the same as those dcscrilied for Dog 426. On microscopic examination 
the defect is found to be covered Avith a layer of adult connective tissue 
cells. Cellular infiltration is scant and inconspicuous. The normal 
rcspiralm-y mucosa is completely regenerated. A fcAv scattered mucous 
glands are present in the submueosa and occasional black silk sutures are 
noted. 

SfMSIARY AND CONCLUSIONS 

Free fascia grafts have been successfully employed in dogs to repair 
defects in tiie trachea and bronchi after local resection of full thickness 
.scgnicnt.s of these viscera ns Avell as after lobectomy and total pneumonec- 
tomy. Tlie twenty animals investigated all survived Die opcratii-e pro- 
cedvu-e and remained entirely well throughout the duration of the cxiicri- 
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ment. The wounds healed per primam. There were no instances of sub- 
cutaneous emphysema, pneumothorax, hydrothorax, or pleural empyema. 
None of the animals developed any pulmonaiy parenchymal complica- 
tions that could be detected during life or at autopsy. A moderate 
diminution in the size of the defect was noted only in the lobectomy 
experiments. In the other series the original measurements of the defect 
remained essentially unchanged. There was in none of the animals any 
appreciable encroachment upon the caliber of the trachea or bronchus 
at the site of the application of the gi’aft. 

The healing process followed essentially the same pattern whether 
the defect was in the trachea or the bronchus. The graft did not appear 
to remain viable but acted x'ather ais a temporary and airtight scaffold 
quickly to be invaded and replaced by wandering cells and proliferating 
fibroblasts. The latter in turn became differentiated into collagen- 
bearing adult connective tissue which remained as a ixermaneut , sup- 
porting struetru-e spanning the defect. Regeneration of the respiratory 
mucosa, already in evidence at the borders of the defect after one week, 
was complete at the end of the second week. The cells, at .first cuboidal 
in shape and sparsely ciliated, quickly assximed the pseudostratified 
appearance and acquired their normal complement of cilia .and. goblet 
cells. In one instance (Dog 417, lobectomy) complete epithelializatioii 
occurred within one week. Mucous glands were noted in the new sub- 
mucosa after the third Aveek. There was no clear evidence in any of the 
sections of regeneration of the muscularis mucosa. Budding yoxuig 
cartilage cells Avere observed in the cut ends of the traclieal and bronchial 
rings. These islands of neAV cartilage, hoAvever, Avith a feAV. notable ex- 
ceptions, appeared to take little part in filling the original. defect. The 
silk sutures Avere at the outset encapsulated by fibroblasts and Avandering 
cells, and later by a thin shell of adult connective tissue. All phases of 
healing Avere practically complete during the fourth Aveek after the ap- 
plication of the graft. The ncAv and final structures Avhich sexwed to 
restore the continuity of the aoscus Averc composed of (1) an inner 


laA'cr of pseudostratified ciliated epithelium; (2) a layer of submiieosa 
Avith occasional mucous glands and a fcAv small islands of ncAv cartilage 
but Avith occasional exceptions, no fibers of muscularis mucosa ; and 
(3) an outer layer of supporting adult connective tissue. 

There are obvious inherent advantages in a method Avliich provides 


an airtio-ht and adequate closure of an open defect in the Avail of a 
iiolloAv semirigid respiratory tube Avithout the necessity of appiuxi- 
matin" the free edges of the defect to each other and Avithout const riel- 
hm to'^any appreciable degree the caliber of the viseus. Certain clinical 
applications of this method at once suggest themselves. Its usefulness 
•the repair of old Iraclieotomv Avounds in man has already been 
1 out Small benign and early malignant lesions of the trachea, 
whichfor onc'reason or another cannot be adet|natoly treated through 
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the hronchoscope, may he resected and the opening covered with a stamp 
of fascia. Similarly benign lesions of the larger bronchi may be excised 
locally and the remaining defect closed with fascia, thus obviating the 
necessity of extirpating the accompanying normal pulmonary lobe. Its 
greatest field of usefulness appears at the moment to be in those in- 
stances of lobectomy or total pneumonectomy where it is necessary to 
transect the bronchus exactly at its point of bifurcation from the main 
bronchus or the trachea respectively and where no long bronchial stump 
is left that can be closed by the usual methods. The closure of such 
an opening bj" suturing the edges to each other may not only be difficult 
technically because of the rigidity of the viscus, but may result in a 
serious kinking and obstruction at the site of the suture. Finallj’’ free 
fascia grafts may be employed to advantage to cover and reinforce 
ordinary suture lines in the trachea or larger extrapulmonary bronchi. 
Fascia is present everywhere in abundance, and an amount sufSeient 
for a free graft is readily available in the local operative wound. 
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IS THE CONSER'^^ATIYE TREATMENT OF INFECTION OR 
GANGRENE IN DIABETIC PATIENTS WORTH WHILE? 

Herjian E. Pearse, M.D., and Hrolfe R. Ziegler, M.D., 
Rochester, N. Y. 

(From file Department of Surgery of the University of Boohester School of Medicine 

and Dentistry) 

'T'HE conservative treatment of peripheral arterial disease seeks to 
avoid leg amputation. This objective has been held by members of 
our surgical staff who ivere interested in the subject, and any method 
which offered hope of improvement was tried. This has been of obvious 
benefit in some disorders but has not been so apparent in tlie diabetic 
group, for tliese patients have many complicating factors present that 
may influence the outcome. It was considered desirable to appraise our 
results in patients with diabetes.*' We wished to see ivhen and where 
our treatment was satisfactory, how it could be improved, where it had 
failed, and how the failures could be avoided. These data are presented, 
without comparative analysis or review of the literature, only to show 
our experience and to act as a guide for the future in the management 
of these cases. 

CLASSIFICATION OF PATIENTS 


There is a great deal of confusion in the literature on diabetic 
gangrene because of the failure to ela.ssifj’- the cases into comparable 
groups in which all circumstances are uniform. This is a primary 
necessity for study; otherwise, statistics are meaningless. The factors 
that were considered important to determine in each case were the age 
and general condition of the iiatient, the duration, severity, and control 
of the diabetes, the state of the .s.vstemic circulation, the t.ype and 
virulence of the infecting organism, the extent of spread of the infection 
and its local and general effect upon the patient, the cause, dni'ation, 
site, type, and extent of the local lesion, and, most important, the degree 
of circulatory damage. 

When these data were recorded and studied, it was found that the 
extent and virulence of the infection and the degree of circulatory 
damage were the two which mosf obviously influenced the course and the 
result The others entered into consideration less often than was an- 
ticipated. 

The cases were divided into tho.se with a normal, good, fair, and poor 
circulation. Those placed in tlie groii|) of poor circulation had a severely 
1 ma^ed and often hopcle.ssly inadefiuatc circulation in the feet. They 
I'^d'svmploms of claudication and rc.st jiaiii, a cold, discolored, pul.sele.ss 
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foot, trophic changes of skin and nails, absence of a pulse in the popliteal 
arteiy, extreme calcification of the vessels in the roentgenogram, and 
little or no rise in temperature with the vasomotor test. The patients 
considered to have a fair circulation had moderately severe but not 
hopeless damage to their arterial circulation. They were in an inter- 
mediate position between those with slight impairment and those with 
severe damage. They gave a past history of claudication but no rest 
pain. There were moderate temperature, color, and trophic changes in 
the feet. The dorsalis pedis and posterior tibial arteries had lost their 
pulsation, but it remained in the popliteal artery. The vasomotor test 
showed only a moderate rise in temperature with vasoconstriction re- 
lease. Those placed in the group Avith a good circulation had a com- 
petent blood supply to the feet, but shoAved evidence of arterial damage, 
such as symptoms of coldness or numbness, calcification of the vessels in 
the roentgenogram, or slight temperature and color changes. There 
Avas alumys a detectable, though diminished, pulse in either the dorsalis 
pedis or posterior tibial arteries in these cases. Infection Avas usually 
the indication for admission to the hospital since gangrene Avas only 
present in sixteen of the sixty-nine cases. There Avere tAA’cnty-one pa- 
tients in this series aa-Iio had no detectable damage to the arteries of their 
feet, either by physical examination, roentgenographic study, or labora- 
tory tests. They Avere considered to have a normal circulation. Gan- 
grene caused by infection AA’as present in five cases. 

Any division into separate categories has the disadvantage of sharply 
dividing the cases into groups, Avhereas actually there are gradual grada- 
tions of change. There is no AA’ay of quantitatively estimating the per- 
centage of circulatory deficit and, therefore, no Avay to state specifically 
hoAA' much damage has been done. 

ANALYSIS OF RESULTS 

General . — There Avere 211 diabetic patients in the group studied aa-Iio 
Avere admitted to the hospital Avith infected, pregangrenous, or gan- 
grenous lesions of the feet. They created 277 case records, since some 
had individual or bilateral lesions Avhich required a separate hospital 
admission. This aa-us considered a distinct case for study, since it pi-e- 
sented its oavu problem. Of these cases, 102 had poor, 85 had fair, 69 
had good, and 21 had excellent (or normal) circulation. This, in itself, 
is informative, for it sIioavs that the majority (67 per cent) of those Avho 
enter the hopsital Avith lesions of the feet already liave a serious circula- 
tory defect. This handicaps conservative treatment from the very be- 
ginning. 

There ivere 87 men and 124 Avomen in the grouj). fifiicir average a"e 
Avas 63 years, witli extremes from 43 for the youngest to 89 for the oldest. 
The largest number Avere in the sixth decade of life. There Avere nine 
imtients admitted to the hospital in extremis avIio died and thirteen avIio 
refused treatment and left against adA'icc. Those .should be eliminated. 
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If this is done, there remain 255 cases ^s•ho were admitted to the hospital 
and treated for infection or gangrene of the feet, with forty-one deaths 
or a snrgieal mortality of 16 per cent. 


Table I 
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Table I, which gives the results of treatment, demonstrates the im- 
portance of the circulatory factor in the management of these cases. It 
■ is expected that improvement in the eircnlation wonld diminish the 
number of leg amputations and increase the successful operations upon 
the foot. But it is surprising to find that the mortality from leg amputa- 
tion is no less with a good than with a poor circulation. This is ex- 
plained by the increased incidence of acute infection as an indication 
for amputation in the cases with a competent blood suppl.v and illus- 
trates the importance of infection in causing death. 

It should be noted that sixty-four, or 25 per cent, of the 255 cases 
in the series were cured bv conservative, nonoperative treatment. They 
had superficial wounds which were occasionally treated b.v removing 
scabs, crusts, slough, or parts of the nail, but none had an operation of 
sufficient magnitude to require an anesthetic. Such lesions should be 
considered, for they often develop into a serious gangrene. Or, if tlie.v 
cannot be made to heal, a leg amputation is often the only other alterna- 
tive The conservative treatment becomes dangerous if the wound or 
infection from it extends into the deeper structures of the foot. If this 
occurs, operative intervention is indicated. 

OPER.VTIOXS OX THE FOOT 

Diabetic patients with an adequate eireulation who have infeeted or 
.raimrenous lesions of the foot should be cured by a well-exceutcd local 
° tion Table II shows that this is always true in the normal group, 
i°^iUiot invariably so in those classed as having a good eireulation. Here 
tion snreadimr along faseial planes despite wide drainage, was al- 
the cause of failure. But this is the exception, so the attcmi>t to 
foot should be made, for leg amputation is usually a needle.ss 

sacrifice. inadequate circulation often fail to heal operative 

Patients < nercentase of success is small, and the liosiiital 

wounds in the foot, ihepci 
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stay is long. It is important to determine if harm comes froiri the un- 
siTccessfnl attempts at foot surgery. It was found that the mortality 
after toe amputation was 11 per cent; of leg amputation after foot 
operation, 26 per cent; and of primary leg amputation, 32 per cent. 
This would indicate a diminished risk after attempted local operation. 
Moreover, multiple operations on the foot did not increase the mortality 
rate or diminish the chance of healing; they only prolonged the hospital 
stay. The real hazard of attempted foot surgery was the introduction 
of suppiiration into the plantar space. This important possibility should 
be kept in mind when considering an operation on an uninfected foot 
in a patient with an inadequate circulation. The prospect of success 
is small and the risk of inti'oducing infection is great, and, therefore, 
it is best to avoid local surgery. 

Plantar abscess was separated in Table IIB for special consideration 
since it was often a troublesome lesion. It is apparent that, in the 
poor and fair circulatory groups, the treatment by local incision gives 
poor results and causes long hospitalization. It is not a satisfactory 
method of therapy. But it is also seen that the mortality of leg amputa- 
tion is high, being nearly 40 per cent. This may be subdivided into 
thirty-two eases treated b.v primary amputation, with a mortality of 31 
per cent, and eight eases treated b.v secondary amputation, with a mor- 
tality of 50 per cent. So, a patient with an inadequate circulation who 
develops a plantar abscess faces a grave situation which cannot be 
ti’eated satisfactorily bj' either local incision or leg amputation. Tlie 
only other alternative is a two-stage operation with excision of the 
infected part, followed by leg amputation at a later date. 

Cases with an adequate (good or normal) circulation respond more 
satisfactorily to incision and drainage of a plantar abscess. All of those 
with a normal circulation and over one-half of those with a good circula- 
tion were cured by operations upon the foot. 

The impression was gained that one could persist too long in doing 
multiple operations on these cases. The best results are obtained from 
wide drainage secured at the first operation. If small secondary pockets 
occur they may be opened, but if there is a steady progi-ession of the 
infection, the prospect of success is slight. Suppuration which extended 
into the calf was never healed by incision and drainage although this 
was often attempted. 

LEG AMPUTATION 

Loss of a limb constitutes a serious threat to the life of a diabetic 

tient Our mortality rate from leg amputation was 32 per cent. This 
too hi"-h and led to an evaluation of the factors tliat miglit influence 
ult^ We could find no consistent influence from age, sex, or 
the resi . The competence of the circulation made no 

sewn .1 o j mortality rate for leg am- 

difference, for it is seen 
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piitation in the poor circulatorj' group is 28 per cent, in the fair group, 
39 per cent, and in the good group, 30 per cent. If these figures are 
correlated with the incidence of infection, it is found that 60 per cent 
of the poor, 72 per cent of the fair, and 100 per cent of the good circula- 
toiy group had acute infection at the time of amputation. This led us 
to regroup our eases in relation to the presence or absence of acute in- 
fection. Fever above 38“ C., spreading cellulitis, lymphangitis or 
pus in the plantar space were considered to be indications of acute in- 
fection. Patients with chronically infected lesions ivere placed in the 
same group as those ivho had no infection. It was found that primaiy 
leg amputation done in cases ivith acute infection in the foot had a 45 
per cent mortality. Primary leg amputation without acute infection in 
the foot had a 12 per cent mortality. In addition, of those with acute 
infection that survived, 80 per cent had infection of the stump in con- 
trast to 23 per cent in the noninfeeted group. Because of this, the hos- 
pital stay was prolonged. 

The type of organism causing the infection did not seem to influence 
the result, except that Bacillus wclchii infections were always serious. 
Delay of the primary amputation with preoperative treatment did not 
alter either the mortality rate or the incidence infection of the stump. 
The majority of our cases had closure of the wound of amputation. In 
those in which the wound was left open, the mortality rate was the same, 
for, in both, uninvolved fascial planes and devitalized muscle were ex- 
posed to infection. 

We found that patients having a secondary leg amputation because 
of failure of operations on the foot had a mortality rate of 26 per cent. 
This would indicate that local surgical treatment reduces the risk. But 
the ideal to be achieved is the reduction to the 12 per cent mortality of 
those who have no acute infection, for this death rate is due to hazards 
common to any major operation in these patients. This can be done if 
the acute infection in the foot is eliminated before the leg is amputated. 
Zierold' has stated this principle and has practiced it by removing all 
infected or devitalized tissue from the foot. After the patient’s tem- 
perature liad remained at a normal level for three days, leg amputation 
was done as an elective procedure. Zicrold reports a reduction in mor- 
tality from 50 to 10 per cent by this procedure. Mclvittrick- and others 
advoonte guillotine amputation in the calf under these circumstances, 
but lIcKittrick reports a 35 per cent mortality for his guillotine amputa- 
tions even though he has attained the excellent result of a 13.9 per cent 
mortality for all of his major amputations. 

Recently, to avoid cutting through muscle, we have tried removing the 
infected foot by the atraumatic method of disarticulation at tlie sub- 
astragaloid or ankle joint. Later, after the infection has subsided. Ic" 
amputation is done at a higher level. 
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GONCLUSIOXS 

1. Adequate treatment . of gangrene in diabetes requires evaluation 
of the factors of circulation and infection, for upon these rests the tj'pe 
of therapy and the result. 

2. Conservative nonoperative treatment of superficial lesions is proper 
in all degrees of circulatory damage so long as the lesion or infection 
does not extend into tlie foot. This course is justified by a cure of 25 per 
cent of our cases by this method. There is often no alternative but leg 
amputation. 

3. Conservative operative treatment on the foot is indicated in eases 
with an adequate circulation (good or normal). Leg amputation is 
usually a needless sacrifice. We obtained 90 per cent cures by opera- 
tions on the foot in these cases. The failure of the first operation does 
not increase the mortality or reduce the prospect of success of subse- 
quent procedures ; it only prolongs the hospital stay. 

4. Patients with an inadequate circulation (fair or poor) Avho have 
ischemic gairgrene should not be treated conservatively, for delay or 
local operations may permit infection of the foot. A primary leg am- 
putation is indicated. 

5. Patients with inadequate circulation who have infection in the foot 
may be treated by local operation without increased risk, but the results 
are poor, for few heal the wound even after a prolonged hospital stay. 

6. Patients with acute infection in the foot sliould never have a pri- 
mary leg amputation, for the mortality rate was 45 per cent in our 
series. In contrast, patients without acute infection had a 12 per cent 
mortality from leg amputation. We believe that patients with an inade- 
quate circirlation who have an acute infection are best treated by removal 
of the infected foot, followed by leg amputatioir at a later date. 
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GASTRIC RESECTION WITH REMOVAL OF THE FUNDUS IN 
THE TREATMENT OF DUODENAL ULCER 

Robert Zollinger, M.D., Boston, SIass. 

(Frcnn the SuTffical CliTiic of the Peter Pent Pri(/how Hospital atul the Pepart'ifient 
of Surgery of the Harvard Medical School) 

T he modern medical treatment of duodenal nicer is so effective that 
only the exceptional case reiinires surgical therapy. In contrast 
with the situation twenty years ago, when over 50 per cent of such pa- 
tients came to surgeiy, now not more than 8 to 10 per cent require 
surgical treatment.^® For the treatment of these patients there is a 
Avide choice of operations available to the surgeon. It is not the purpose 
of this paper to enter into a discussion of conservative versus radical 
surgery in the treatment of duodenal ulcer but rather to discuss a pro- 
cedure which aims at a reduction in the total amount of hydrochloric 
acid secreted. 

We have tivo reasons for utilizing fundusectomy. First, we have 
been dissatisfied with the results obtained by some of the other accepted 
methods of resection. In the surgical management of duodenal ulcer 
in the Peter Bent Brigham Hospital we have attempted to follow the 
physiologic implications laid down as the result of expeidmontation on 
this problem. In our opinion the Horsley modification of the Billroth I 
type of operation seemed to answer best the experimental requirements. 
It provides for resection of the ulcer-bearing area and reanastomosis 
of the remaining stomach to the duodenum, which has a higher tissue 
resistance to gastric juice than the jejunum; it gives a patulous pylorus, 
so essential in avoiding recurrent ulceration fi’om a mechanical cause; 
and, in addition, it permits a certain amount of intragastric regurgita- 
tion of alkaline duodenal juices. But after clinical trial, rvhen ap- 
proximately 50 per cent of the cases follorved for five years developed 
recurrent difficulty, it was abandoned. 

From clinical and experimental evidence repeatedly presented, the 
iinporlant role played by the acid factor in the etiology of duodenal and 
gastro jejunal ulceration must be acknowledged. The weakness of Bill- 
roth II types of resection is that sufficient acid-bearing tissue is not 
removed. Even in so-called radical resection of the Billroth II typo, 
when three-quarters or more of the stomach is removed, it is customary 
to carry the resection liigh on the le.sser curvature and to leave a 
sufficient amount of greater curvature to facilitate gastrojejunal anas- 
tomosis. Apparently fear of a gastric ulcer developing in this location 
after resection pi-ompts this wide removal of le.sser curvature. Clinically, 
liowevc r, recurrent ulceration occurs almost invariably in the jejunum 
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or about the stoma and is uncommon on the lesser curvature after re- 
section for duodenal ulcer. It is also infrequent after gastroenterostomjq 
as shown by Ginzburg and Mage. They found, in a study of 86 speci- 
mens resected because of the failure of posterior gastroenterostomy, that 
lesser curvature ulcei's developed in only six iiistanees. In each case 
posterior gastroenterostomy had been perfoi-med originally for duodenal 
iilcer. Not only do marginal or jejunal ulcers occur after conservative 
surgical procedures, but they are not infrequent after the Billroth II 
tyjjes of resection.^" A five-year follow-up, including roentgenologic 
examination, of a group of selected cases of intractable duodenal ulcer 
having had resection would probably show a distressingly high per- 
centage with recurrent dif6eulties. The incidence of recurrent ulcerar 
tion after resection may be partially explained by the fact that various 
amounts of fundus, rich in suiTace area of acid-secreting tissue, have 
been retained, although most of the lesser curvature, low in surface area 
of acid-secreting tissue, has been resected. 

Second, the clinical results and experimental evidence imply that 
fundusectomy is sound. A number of years ago ConnelB' ■* proposed 
diminishing the hydrochloric acid secretion in patients with intractable 
duodenal ulcer by means of partial fundusectomy. He has since re- 
ported satisfactory results with the use of this procedure in the treat- 
ment of complicated jejunal ulcerations as well.® 

Accumulated experimental evidence, however, has perhaps retarded 
the widespread use of fundusectomy, since it has been repeatedly demon- 
strated that the acid value by gastric analysis reti;rns to normal within 
a period of a few months, depending upon the amount of fundus re- 
moved.®’ As Mann® and others have pointed out, however, if 

permanent clinical results are to follow fundusectomy, it must be on the 
basis of actual reduction of the amount of gastric juice and not of any 
change in the degi'ee of acidity as shown by gastric analysis. 


That the volume of acid secreted is markedly decreased may be as- 
sumed from comparing a cross section of the stomach of a normal dog 
with that of one in which the fundus has been resected (Fig. 1). In 
dogs, despite removal of a large amovmt of the fundus, the stomach 
eventually returns to approximatelj’- normal size and capacity. The 
effect of removal of the fundus can more easily be appreciated after 
fixation and sectioning of the stomachs at corresponding levels. Nor- 
mally the region of the fundus along the greater curvature presents a 
o-reat duplication of thick folds, proMding a large surface area of acid- 
secretin" tissue, but after fundusectomy a section at a corresponding 
level shows an absence of folds. Although the acid values by gastric 
analysis would appear the same, the volume of acid secreted would ob- 
muslv be’ tremendously decreased in the second specimen. After 
fundusectomy the alkaline juices would be sufficient to combat the de- 
creased volume of gastric juice, thereby prm’enting recurrent ulceration 
Confirmation of this is suggested by the investigations of Faulcy and 
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Ivy, who performed fundusectomy in animals and followed it subse- 
quently bj' the ilann- Williamson operation. They found that, although 
the free acid and total acid values returned to normal within a period 
of six to eight months, the quantity of gastric juice that could be 
aspirated in response to injection of histamine was substantially less 
than in nonfundusectomized Mann-Williamson dogs and slightly less 
than in normal control animals. Furthermore, they found that fundus- 
ectomy, combined with an easity assimilable diet, protected the Mann- 
Williamson animals against ulceration for the two years during 
which the animals were observed. This protection was not uni- 
versally effective without the special diet, but it seemed to indicate 
a decrease in the quantity of acid available for prolonged irrita- 
tion of the jejunum. Not only do the experiments of Fauley and 
Wy indicate the possible usefulness of fundusectomy in the treat- 
ment of jejunal ulcer, but they serve to emphasize the need for a strict 
dietarj’^ regimen in patients after operation. 



PiK. 1. — A, .V tr;in.svi!rse block taken tliroueU the iniCfundus of stomach of a normal 
<Io(r. Note .smooth tnaijmstrasse of Inner curv.iturc and the immense reduplication of 
mucous membrane over greater curvature. i>. Transvei'so block through the mldfundus 
of .stomacli of a dog after fundusectomy. Rugae arc almost totally lacking. (From 
Seeley and Zollinger; Courtc.sy of Surg. Gynec. & Obst. (11: IS.o-lGl," 1935.) 

After wcigliino: the experimental and clinical evidence for fuiidnsec- 
tomy, we carried out, in addition to re.scction of the stomach by the Polva 
method, a removal of varying amonnts of the fundus (Pig. 2). Resec- 
tion of the antrum, especially in severe cases of jejunal ulceration after 
gastroenterostomy, seemed desirable in the belief not .so niueh that it 
would reduce the secretory eapaeily of tlie stomach as tliiit it would 
provide, a ])iitulous stoma. In addition to fundusectomy a departure 
trom tlie rjidieal type of Polya resection was decided upon, in that the 
lesser curvature was not, to be divided high but in the neighborhood of 
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tlie incisura angularis. This would insure a longer tube of stomach along 
the lesser curvature, M'ould provide a more satisfactory postoperative 
gastric capacity, and would facilitate gastro jejunal anastomosis. The 
anastomosis could he easily carried out in tlie immediate field of opera- 
tion with adequate room and exposure for the meticulous technical steps 
associated with closure of the upper and' lower angles of the stoma. 
The obvious difficulty that suggested itself was the danger associated 
with the approximation of 'two suture lines- at. the lower end of the 
gastrojejunal anastomosis especially, when the blood supply of the re- 
maining stomach would he dependent only on the left gastric artery 
(Pig. 2). Injection of the left gastric ai’tery in a stomach removed at 
post mortem, ■ using a mixture utilized by- Schlesinger, clearly demon- 
strated the rich bipod supplied by, the- left gasti-ie artery (Pig. 3). Al- 
though the .blood- supply eould^ be shown to be adequate, . even in the 
region, where the two suture lines would he approximated, the technical 
details of such a procedure were first tested experimentally in animals. 
Since we carried out these experiments, Wangensteen has reported ex- 
tensive- X’emoval of the acid-hearing tissue, including' the" fundus. ' He 
did not hesitate to do a gastroenterostomy at various levels along the su- 
ture line and had no difficultj" from impaired blood supply. 



t;.. 2 Schematic drawing, illustrating Polya resection combined witli fundusectomy. 

" Note the amount of lesser curvature retained. 


The following experiments were carried out. The lesser curvatiii'e 
was divided between medium-sized Payr clamps about the incisura 
aimilaris in the majority of instances. The fundus was then resected, 
leaving onlv a narrow tube along tlie Ic.sser curvature (Pig. 2). Pollow- 
'nf resection, an anastomosis was made between the open end of tiie 
stomach and ’the upper jejunum. It was found that the blood stip[)Iy 
was adequate and that approximation of the two suture lines at the 
ower aimle of the anastomosis could be carried out with safety. I esn ts 

- 

and wei-e allowed to live from six to thirteen months. 
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At the time of sacrifice, none of the animals showed evidence of 
jejunal ulceration. In the first animal the lesser curvature was divided 
so high that only a short tube of stomach remained. In spite of hyper- 
trophj" of the gastific remnant, the stomach was apparently insufficient. 
The animal could retain little food and was emaciated when sacrificed 
thirteen months after operation. The remaining three animals, in which 
the lesser curvature had been divided about the incisura angularis, re- 
mained in excellent condition and showed no essential variation in 
weight. There was considerable hypertrophy and dilatation of the 
stomach at the time of sacrifice (Pig. 4). Injection of the left gastric- 
artery demonstrated a liberal and adecpiate blood supply to the stomach 
(Pig. 4). Gastric analyses were not carried out in these animals because 
experimental data have been accumulated to indicate that the gastric 
analyses had returned to normal by the time of sacrifice. The volume 
of acid secreted, however, must have been materially decreased. 



EIg. 3. — Injection of op.-iciue miiteri.U into left Gnstric .-irtoo' of post-mortem speci- 
men. UiustratinG the mlctitmcy of the blood svipply. Payr clamps outline the amount 
of .stoniacli retained. 


Before allemptiiig fiindiiscctomy, the surgeon should be familiar with 
the extent and distribution of tlie acid-secreting cells of the stomach 
to insure removal of a sufficient amount of acid-bearing tissue. Berger’s 
study shows tlnit there is a zone in the region of tlie cardia wliere the 
ratio of aeid-hcaring cells is about 50 per cent. This is in contrast to 
ion ])er eent for a large area extending from the cardia clomi to the 
region of the ineisnra angularis and over to the junction of tlie body and 
antrum, lie found a limited transition zone in the region of the in- 
cisura angularis where the incidence of aeid-hcaring cells is 75 per 
eent. In view of the large folds of mucosa along the grentor curvature 
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in the region of the hodj^ and fundus it is obvious that here is a chief 
area of acid-secreting tissue. This is shown sehematicallj- by the wavy 
lines in the drawing in the 100 per cent zone of parietal cells (Fig. 5). 
In order that sufficient acid-bearing tissue may be removed, the resection 
must extend well i^p toward the esophagus along the greater curvature. 

Gastric resection with removal of a large amount of the acid-bearing 
tissue by means of fundusectomy and witii restoration of gastric con- 



4. — Injected specimen of stomach of a dog six months after resection ■with 
fundusectomy. The left gastric arterj* has been injected with opaque material. The 
stomach has satisfactory capacity. 



*• of acid-hearing area, illustrating tlie reduplication of 

Fig. 5. — Schematic .^nd the percentage of acid-boarlng colls at various 

folds along the greater cur%alure 
levels (Berger). 
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tinuity by a gastrojejunostomy of the Polya type to a long tube of lesser 
curvature has been performed in the following manner on two patients : 
Under ether anesthesia the abdomen was opened through a high, left, 
paramedian incision. After the ligation of the blood supply to the 
region of the pylorus, the pylorus was divided and the duodenum was 
closed. The blood supply of the lesser curvature was then carefully 
ligated up to the incisura angularis. The blood supply of the greater 
curvature was next ligated high on the fundus, unless adhesions between 
the stomach and spleen interfered (Fig. 6^ As Wangensteen has 
pointed out, it may be difficult to mobilize the fundus entirely because 
of a short gastrosplenic omentum. Usually, however, this is not a par- 
ticularly difficult problem. The left gastric artery now remained as 



the source of the blood supply. .tVn area on the lesser curvature about 
Ihc incisura angularis and one liigh on the fundus at a selected level 
were freed of fat in preparation for the application of clamps. A pair 
of medium-sized Payr clamps of sufficient size to ])ermit the subsequent 
stoma to admit api)roximately three fingei-s were applied at the point 
in-epared on the lesser curvature (Fig. 6). The ti.ssue between the 
elainjis was divided with the cautery and the Payr clamp toward the 
pylorus was retleeted downward (Fig. 7). Two long Payr clamps were 
aplilied close to the tip of the remaining Payr clamp and as high on the 
fundus as it had been prei)ared (Fig. 7). As the fu-st large clamp is 
aiiplied. the surgeon should assure himself that the stomach is not 
rotated and that suflicient stomach remains so that, when the contents 
of the large Payr chimp are sutured and inverted, there is a satisfactory 
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lumen of the stomach ajong the lesser curvature. The use of a DePetz 
sewing clamp, as. advocated by Wangensteen, should facilitate the 
closure of the newly made greater curvature., A cauteiy was again used 
to divide the contents of .the large Payr clarnps. , A running, continuous 
silk suture on a. m,illiner ’s needle was started near the toe of the clamp 
and was passed beneath the clamp to approximate the gastric walls and 



FlET. 7.— TliC lesser fum'us.' .\ 

Coje"leSo^^'?urvaturo n.l.st be a.ssurcl before the 


pair of lar^f Payr clamps arc 
siifTlclont lunun of tiK* stomach 
Inr^o clarupt' arc llnally lockc<I- 



ZOLlilNGER; TREATMENT ; OF DUODENAE TjLCER 


87 


to control the blood supply (Fig. 8). This suture was carried up to the 
toe of the smaller Payr clamp and tied. The crushed contents of the 
large Payr clamp may bfe excised and additional sutures taken, if neces- 
sary, to approximate more accurately the cut margin of the gastric wall 
and to control any bleeding points. This suture line was buried by a 
second layer of interrupted sutures of the Halsted mattress type (Pig. 
9). These interrupted sutures were also carried up to the small Payr 
clamp. 



Fig. g. — The contents of the large Payr clamp are approximated with a continuoii.s 
silk suture. The crushed contents of the clamp are excised. 

Each of the two patients in whom this operation was carried out had 
had a previous gastroenterostomy with a resultant jejunal tilcer, so that 
it was necessary to close the opening in the jejunum and to select a 
.site distal to the ulcerated area for the new gastrojcjunal stoma. A 
routine gastrojcjunal anastomo.si.s of the Polya type wa.s performed (Fig. 
10). By dividing the stomach low on the lesser curvature, the gastro- 
jcjunal anastomosis can he done in the immediate operative field. There 
has heen no particular diffienlty experienced in closing the inferior angle 
of tlio stoma where it meets the suture line of the fundnseetomy. The 
.iejumnn. however, should preferably be anchored with interrupted 
Ifalsted sutures slightly up over the lesser curvature and for a sliort 
di.stauee at the inferior angle to avoid tension on the initial sutures about 
the angles of the anastomosis (Fig. 11). The mesocolon wa.s then an- 
ehored up above the gastrojcjunal anastomosis. In both of the pniient.s in 
w!»ou\ this teclmique was followed a stoma wliieli would admit three 
fingers was olitnincd. 




Fie- 9- Fig. 10. 


Fig. 9. — A final serosal iayer of interrupted silk mattress sutures is taken to cover 
the initial suture line. 

Fig. 10. — The jejunum is anastomosed to the entire open end of the stomach. The 
stoma should admit approximately three fingers. 



n-i r.r the castrojcjun.al an.astomosls are reinforced with several 

Fig. 1}-— Tl>e ‘.uircs! The me.socolon i.s anchored to the .stomach .-ihove 


aflditJonal interrupted silk sutures, 
the anastomosis. 
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F*s. a. Pig. 10. 


Pig. 9. — A final serosal layer of interrupted silk mattress sutures is taken to cover 
the initial suture line. 

Fig. 10. — The jejunum is anastomosed to the entire open end of the stomach. The 
stoma should admit approximately three fingers. 



•n"' 11 Thf. incles of tlic gastrojejun.al ana.stomo.sis arc reinforced with several 

additional interrupted silk sutures. The mesocolon Is anchored to the stomach above 
the anastomosis. 
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missions were for pain associated with jejunal ulcer, and one was for a severe hemor- 
rliage witli a fall in the red blood count to two million. He has had previous tarry 
stools and on various occasions had vomited coffee-ground material. A jejunal ulcer 
was proved by x-ray in 1930 and by subsequent examinations. During two weeks 
of treatment on the Medical Service he showed only partial improvement. It was 
felt that he was a severe case which required radical resection. Gastric analysis, 



Pig. 14. — Specimen of Case 2, showing the amount of stomach resected. 



Fig. la. — Specimen of Case 2 opened 
gastroenterostomy as well as the large 
fundiisectomy. 


showing the small stoma of the previous 
folds of acid-bearing tissue removed by 


from time to time, siiowcd a free acid as Iiigli as TO, wltich went as high as 105 after 
histamine. ^As much as luO c.c. of acid could be aspirated after histamine. On 
Dec. 20, ]9.>9, a radical resection with fundusectomv was carried out. In this pa- 
tient the resection wa.s not carried quite a.s high on th’e fundus as dcscrihed in Case 1 

However, the stomach w.as large so that the resected specimen measured 37 cm aloim 
the greater curvature (Fi„ y,). J 

se, ni'I'-'tcn t icon earned high enough on the greater curvature to extend 

above the large, rugae (F.g. 15 ). At that time a jejunal ulcer w.a.s found, and the 
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for the anastomosis about 12 cm. distal. The specimen measured 30 cm. along the 
greater curvature; 1.5 cm. of duodenum were included in this resection (Fig. 12). 

The patient had an uneventful postoperative course, lie occasionally vomited a 
small amount of bile, especiall3’ at night, but otherwise all sj'raptoms were relieved. 
His economic situation, which did not permit an adequate diet, was thought to be 
responsible for this complaint. Accordingly' he was brought back to the hospital for 
regulation of his diet and for further investigation. He now has work which pro- 
vides a living wage and has since been symptom free. It is six months since 
his operation was performed. X-raj- examination six months after operation showed 
a tubular stomach, 8 cm. in length and C cm. wide (Fig. 13). The stomach emptied 
rapidlj’ and there was no evidence of tenderness or crater about the stoma. At 
the time of operation, silver clips (Cushing) were placed along the greater curvature, 
about the stoma, and at the site of the previous jejunal ulcer. These, it was hoped, 
might proved of value in estimating the amount of subsequent hypertrophy- and dila- 
tation of the gastric tube at roentgenologic examination. 





I-I Tj-,riiini .stiiilv of C.-isc 1, .‘Six niontlis after operation, sliowlnK a .small tube 
!• ig. Id. Tlic metal clip.s outline the extent of the fundu.sectomy and the 

ansfes o^f the pa.strojejunal anastomosi.s. 

o 50-vcar-old laborer, originally from the British West Indies, entered 

■UedicH Service of the Peter Bout Brigham Ilo.spital, Dee. S, for hi.s seventh 

* 1 .'iml^lnn He eomphiined of severe epigastric distress and anore.xia. In 

imsp.tal ■ „,,,,„„.torostomy was performed elsewhere for duodenal idcer 

192-1 a pos cn years. Since that time he has been treated in the 

- "" 
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elusions to be drawn. Such an examination, to be of any value, must 
be done at least a year after operation. Wangensteen has reported that 
the patients in whom he has carried out a similar radical excision of the 
fundus showed no free hydrochloric acid on a fasting stomach after an 
alcohol test meal, and several months after operation three patients had 
no free hydrochloric acid even after histamine. The one patient who 
had symptoms after operation showed free hydrochloric acid on a fast- 
ing stomach. In this particular patient the excision of the fundus 
bejmnd the insertion of the esophagus Avas omitted. 

Sufficient data are not available yet to determine the actual efficacy 
of fundusectomy, either Avith or Avithout short-circuiting procedures or 
resection. The clinical and experimental reports, hoAvever, indicate that 
removal of the fimdus might be considered in the severe ease of duodenal 
ulcer or recurrent ulceration 'folloAving previous surgical procedures. 
The final evaluation of any operation for ulcer cannot be determined 
until a sufficient munber of cases has been followed, AAuth roentgenologic 
examinations, for a period of at least fiiAm years. 


CONCLU.SIONS 

Experiences in the use of extensive fundusectomy, combined Avitli the 
Polya type of resection, in the treatment of jejunal ulcer folloAving 
gastroenterostomy are reported. 
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jejunum was closed at this point. The site for anastomosis was selected about 12 
cm. beyond the point of jejunal ulceration. The postoperative course was uneventful. 

Postoperative x-rays showed that the remaining portion of the stomach was funnel 
shaped, measuring 13 cm. in length and 9 cm. in width at the upper end (Fig. 10). 
Barium emptied rapidly through the stoma. Although the period since operation 
has been short, this patient has been entirely symptom free and has a gastric capacity 
greater than the first patient. 



Kigi 1C. — Barium study of Case 2. one montli after operation, showing a iarger gastric 

capacity than Case 1. 

The gastric .seci'clioii in belli patients after operation is consistent 
with the amount of fundus removed and with experimental findings. 
It is difficult though to obtain an accurate estimation of tJie volume 
response by gastric analysis because the stomach empties so rapidly in 
these patients. We are not .so miieli interested in the i-etnrn of acid val- 
ues because we expect that those patients may develop a relatively nor- 
mal <mslrlc analysis. However, these patients Avill bo eliceked repeatedly 
for tlie volume response to histamine by the contimions aspiration method 
as advocated by Bloomfield and I’olland. Repeated analyses by their care- 
V 1 letbod should give information as to wlicther or not there will be a 
\Touent inercasc'in the volume, wliicli might, apinoaeli the in-eopera- 
nalvses Furthermore, it is realized that neither one of tho.se 
tive studied long enough after operation for definite con- 
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of their blood supply, taking with them the lymphatic area involved. 
The mobilization, with freeing of the bowel, is continued to the point 
selected for transection. Before the bowel is cut, the retroperitoneal 
space is closed as completely as possible. The ease of this closure 
varies considerably in different patients, but it can be accomplished 
more readily through the transverse approach mentioned above.^ At 



VIk. — Course* aruT eUstributlon of the nlnlomtnal uervofi. JJno of poricostal-trans- 

nbilomlnal incision between eleventh and twolftli nerves. 


this point, the operation can be completed as a Mikulicz in-ocednre, as 
advocated iiy many surgeons, if it secius dc.sirablc. If the operation 
is com iiuiod. the (low of intestinal contents in the loop to he resected 
is prevented by the. application of a broad rubber ))a!Kl (Fig. 2). Mp 
feel that tills causes less trauma to the bowel and the blood supply than 
clamps do. 'Ihc bowel is transected between clamps by the oloetro- 
sttvgieal unit and the ends of the ent bowel are turned in with catgut 



RIGHT COLECTOMY IN ONE STAGE 

H. Glenn Bell, IM.D., and R. Bruce Henlev, M.D., 

San PRANCiscd, Calif. 

(From the Department of Surgery, University of California Medical School)' 

W/E HAVE had 27 cases of right colectomy at the Universitj^ of 
^ California Hospital during the last ten years. Though this is far 
from a -large number, we believe that something maj'^ be gained by a 
careful analysis and study of tliese eases. In addition, 14 patients had 
lesions for which palliative surgery alone could be done, so that the 
operability of all lesions of the right colon was 66 per cent. 

The subject of the value of right coleetomj’’ in one stage as opposed 
to that in two stages is as controversial now as it was years ago. Each 
procedure has certain advantages and it certainly is not our idea to 
recommend, dogmatically, that all patients be operated upon in one 
stage. As in other types of surgeiy, patients should be selected care- 
fully for each procedure. In our hands the mortality rate of the two 
tj^pes of operation has been approximately the same. We realize, how- 
evei’, that one additional death in either group would make the mortality 
reading entirely different. 

Advantages of the one-stage operation are that the technical procedure 
is easier, hospitalization is shorter, thereby reducing the cost of medical 
care, and only one anesthetic need be administered instead of two. We 
believe that an earlier recognition of lesions in the right colon, which is 
the most significant factor influencing the mortality rate, longer prepara- 
tion before operation, and greater attention to technique Avill permit 
more patients to be operated upon by the one-stage procedure, with a 
lower mortality, than is the case at present. 

In the one-stage procedure it is essential that the bowel be clean and 
decompressed and the body fluids and chemistry be up to normal. The 
pi-eoperative care should be continued long enough to permit a study 
of the function of the liver and kidneys, to build up the blood by trans- 
fusion, to decompress the bowel by continuous suction through the 
stomach, and to wash out the lower bowel bj' the means of enemas and 
the giving of epsom salts. These procedures are followed by the use of 
lead and opium pills for two days. This regime, of course, is not ap- 
plicable if the patient has an acute ob.struetion. 

Adequate exposure is of fir.st importance and we have found the 
Iloa"’ incision to be a groat improvement over the rectus incision. 

T1 Us use mechanical retraction becomes unnecc.ssary, tlius Jessen- 
■ ^<r trauma' to the wound and allowing greater protection to its edges. 
"'tIic ri^ht colon is mobilized in the usual manner by cutting the 
lateral peritoneum, and the right colon and terminal ileum are freed 

-'Rented at the mocllnp of tho Society of Vnivcr.Mty .Surgeon, at Nca- York. N. Y.. 
Fcbnian- J 
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anteriorly and tied. The anastomosis is then covered with omentnm. 
61ove.s and drapes are changed again before closure of the abdomen 
is begun. The abdomen is closed without drainage. Enterostomy 
proximal to the anastomosis is not performed. 

In our series of 27 colectomies, 23 were done for carcinoma, with 
3 deaths; 2 were done for tuberculosis, 1 for polyps of the ascending 
colon and 1 for cicatrizing enteritis, with no deaths. Eight were 
done in two stages, with 1 death, a mortality of 12.5 per cent; 18 were 
done in one stage with 2 deaths, a mortality of 11.1 per cent ; 1 was 
done as a Mikulicz procedure, with recovery. 

The ages of our patients varied from 30 to 74 years, the largest 
number being between the ages of 60 and (0 years. There were 14 
women and 9 men in the series. 

Of the 4 ])atients with lesions other than carcinoma, none has died. 
Of the 23 with carcinoma, 14 are still alive (Table I) and 9 have died. 
Three died following surgery. Of the other 6, 1 lived for two years 
and four months after operation, 2 lived for thii'teen months, 1 for 
eleven months, 1 for nine months, and 1 for five months; all 6 died of 
metastases. Of the 3 ])atients who died after operation, 1, a man 52 
years old, had uremia following a complete anuria after the second 
stage of the operation. No injury to the kidneys or ureters was found 
at autopsy; the anastomosis was intact. One woman, 61 years of age, 
died as a result of gangrene of a portion of the small bowel. The 
tumor was attached to the .small bowel and mesentery and apparently 
the blood supply had been injured to the extent of producing gangrene. 


T.vm.E I 

C.\n<'ixnM.\ Patik.xt.s Livixr. axu Wei.i, After Rioiit Coeectomy 
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In many clinics this resection would not have been attempted. At 
autopsy the suture line was intact. One man, 47 years of age, died on 
his seventy-tirst day after operation from abscess of the right lung 
and empyema. At autopsy the abdomen appeared to be nonnal. 

.SUMMARY 

Twenty-seven eases of right eolcetomy, with three deaths, are reported. 
Longer preparation before operation and move carefnl surgical technique 
will save move of these patients from death hy peritonitis. In our 
oiuuion, tlie use of the eleclroeoagulation unit is an added factor of 
.safely. 

UKEKUEKC'E 

1. Uiv-m, Cutl L.; .V K>'\v .\pj>roni-li lo Uesivliuii (if rimoer of Pic Colonic Flexures 
CnUfoniin A. \Vi.>t. Mcil. 45; US, UriC,. ' 
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sutures and reinforced with Halsted mattress sutures of silk. During 
this procedure the wound and abdomen have been packed off carefully 
so as to preA'ent the slightest contamination. The ileum and transverse 
colon are approximated and held in place by traction sutures for a 
side-to-side anastomosis. We feel that this is the safest anastomosis 
because the poor blood supply of the transverse colon can tlras be 
supplemented by collateral circulation from the adequate blood supply 
of the ileum. The abdominal cavity and wound are further isolated 
by more abdominal packs. The first posterior row of sutures (inter- 
rupted silk) is laid, then tied and cut (Fig. 2). The anterior Halsted 
mattress sutures are laid, retracted over the stay sutures and covered 
with moistened packs to prevent contamination. The bowel is opened 
with the electrosurgical unit (Fig. 2) by coagulation and cutting so 
that there is no bleedmg of the cut edges — one of the main sources 



Vji- o Techninue of rislit colectomy. (From Hoaft. Carl U. : A New Apiiroach 

to Resection of Cancer of tlic Colonic Flexnros, California nnrt West Med. 4.">: IIS. 
1936. 


both of local contamination of the bowel at the site of anastomosis 

and of soiling of the abdominal cavity. If tiic maehine is ad.i'nsted 

corrcctlv there should be no free blood on the edges of the wound. The 

idea of n-sing the electrosurgical unit is not original with ns, imt it 

seems to us that this feature has not been emphasized strongly enongh. 

The second iiostcrior row of sutures (catgut), through the entire 

sterior laver. is then jdaeed and eontinued anteriorly to eateh .just 

the mucosa and submiieosa. This row of sutures is laid entirely with 

icnts i\t this point in the operation, both the superfieial imeks 

"'VThc gloves are changed so that another opjiort unity for eon- 

..Umln-ited At this stage the anterior sutures are drawn 

tainina lon . second row of lA*mherl sutures (silk) is jilaeed 

ii.dit and tieil. A sefomi 
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in the skin of experimental animals can be found easily if serial sections 
are impregnated by the special methods for nerve fibers. Quite recently 
Josefson^^^ was able to demonstrate minute nerrromas in the finger after 
amputation in three cases and after incised Avounds in tAvo cases. 


Table I 


Cases of Painful Scar 


CASE* 

liOCA- 

TION 

CAUSE 

AGE 

OF 

SCAR 

(MO.) 

1 

TATPE OF PAIN 

MICROSCOPIC 

FirCDINGS 

FOL- 

XiOW-UP 

(MO.) 

1 

Foot 

Baceration 

30 

12 

Sharp, spot 

Small neuroma 

36 

2 


Mastectomy 

24 

? 

Two spots 

Large neuroma 

7 

3 

Breast 

Mastectomy 

17 

9 

Sharp, spot 

Loose neuroma 

0 

4 

Breast 

Mastcetomy 

3G 

1 


Sharp, two 
spots 

Small neuromas 

8 

5 

1 All VIS 

1 

Incision 
Laceration ^ 

7 

7 

Spot on touch 

Neuroma; ex- 
posed fibers 

1 

C 

Finger 


12 

4 

Sharp, spot 

Large neuroma 

11 

7 ' 

Scalp 

Laceration 

96 

? ' 

Sharp, spot 

Long neuroma 

1 

s 

Nose 

Ulcer 

12 

3 

Intense itciiing 

Small neuroma 

4 

9 

Ear 

Puncture 

24 

24 

Sharp spot and 
mild diffuse 

Neuroma and 
inflammation 

1 


Neck 

Excision of 
keloid 

3 


Spot on keloid 

Neuroma 

1 


Chest 

Laceration 

keloid 

108 

12 

Diffuse on 
keloid 

Inflammation 

5 


Abdomen 

Hysterec- 

tomy 

o 

O 

Spot 

Inflammation 

4 


♦Ciipe 3 was an autopsy specimen. Case 11 hart recurrence of pain three months 
after excision of tlie iieloid. All other cases were free of symptoms. 


JIATERIAE AND JIETHODS 

The present report is a study of tivelve cases® of painful scars in 
various locations. Clinical tests Avere made of sensation, especially for 
points of hyperscnsitivencss to pinprick and to pressure. After excision 
of the painful area, the points of tendernes.s Avere examined histologically 
in serial section imin-egnated for neiwe fibers by the Gros method.f 
Iloutinc hematoxylin and eosin sections Avere made for comparison. 

Small blocks of excised scar, properly oriented by drawings, were fixed immedi- 
ately after opcralion in neutral 10 per cent formalin. After a period of fixation 
of at least four weeks, and preferably eight weeks or more, with sex-eral changes 
of formalin in glass-stoppered bottles, rather thick serial fror.en sections were cut 
and placed in individual dishes. Each section was then impregnated separately under 
microscopic control. 

In most instances a ffdlow up study of the postoperative course was possible and 
demonstrated relief of symptoms after excision. A preliminary note on the clinical 
aspects of these cases has been pnhlishcd.n In Table I the clinical data arc snm- 
marirod. 


ir'",'’.'’ ^'nlversity of Chtcano ritntcs. and tlic excised tissue 
» ‘ rUt5Jburp?i. In ihrco olhor tho sprclmonji 

|.:.Uenri».lore ex^sUmTdti" ex.amlninK the 

‘'"r Ucofessor Jnn Roelie and to Dr. K. \kkerlniri of ilie 
tlon mnhods.' f'”" tcochlnB me the rednenu nts of the silver ImprcRna- 










PAINFUL SCAES 


P. E. Kredel, M.D. 

Charleston, S. C. 

(From the Department of Snrgery, Medical College of South Carolina) 


T^ORTUNATELY only a small proportion of cutaneous scars resulting 
from surgical and accidental wounds remain painful or tender. 
However, occasional cases are seen in which painful scars are not onlj' 
annoying to the patient, but may be sufficiently disabling to demand 
treatment. That excision of tlie entire sear will usually relieve the 
symptoms has been well established. Less is Itnown about the cause 
of the pain, and the fact that onlj' a small area on the sear may be 
responsible for the symptoms has not been emphasized. 

Quain and Eggers,^ in 1918, demonstrated in seven cases that painful 
appendectomy scars can be relieved by excision and suggested that in- 
clusion of nerve fibers in the scar may be a cause of pain. Corner- 
emphasized the importance of persisting infection as a cause of painful 
scars, especially in amputation stumps, and was able to culture micro- 
organisms about the regeneration neuroma in a wound which had been 
healed for three years. Corbett^ pointed out that small nerves may be 
the site of painful neuromas that may be seen grossly. Clinton^ found 
in cases of subcostal neuritis a small neuroma-like swelling of the inter- 
costal nerves as they passed the tips of the last few ribs. Bancroft^ 
reported four cases of painful right rectus incisions in which block 
anesthesia as a diagnostic procedure caused temporary cessation of pain. 
Relief followed excision of the seal*. Neuromas- wei'C suspected although 
thej’" were not seen in routine pathologic sections. Leriche® and, more 
recently, Pozzan" have reported favorable results in painful scars after 
the repeated injection of procaine hydrochloride. Thomas® relieved the 
pain of an inguinal scar bj- proximal section of tlie ilioinguinal nerve. 
jMolotkofP ventured the opinion that, in painful amputation stumps, 
abnormalities in the terminal ramification of the pain fibers were of more 
importance than neuromas of large nerve trunks. He advised high sec- 
tion of all the sensory nerve supply to the affected region and performed 


this procedure in cle^ en cases. 

A few histologic studios have been reported by anatomists on nerve 
ret'cncration in cutaneous sears. Jiiger and TraiinP'’ found that .super- 
ficial regenerating fibers did not acquire encapsulated corpuscles but 
terininared in free endings. Tsunoda, Ilamada, and Arimoto” noted 
that nerve fibers growing into scarred and inflamed areas acquire tlicir 
nrotcctin<- sheaths only at a late stage, if at all, as Corner= had previ- 
ouslv mentioned. Ivlein’= reported that minute amputation neuromas 

"^ntea at the meetlnp «f the -Society or Vnlver.-lty .Surseon., at New York. .V. Y.. 
Fehruao' 9 10. IIUO. 
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come quite destitute of sheath cells as they approach the ulcerated sur- 
face. Several encapsulated end organs of the Golgi-Mazzoni type are 
also supplied by fi])ers from the region of the neuroma. There is some 
diffuse inflammatory infiltration, hut it is not in close relation to the 
neuroma or its branches. 

A painful spot on a stellate scar of the finger tip in Case 6 showed 
a dense globular neuroma about 0.6 or 0.8 mm. in diameter, embedded 
in dense collagenie fibrous tissue (Fig. 3). This was the case of Dr. H. 
Bowen. 

In Case 7 a linear scar in tlie occiput contained an exquisitely tender- 
spot. The specimen from Dr. J. P. Evans of Cincinnati showed an 
elongated dense neuroma just superficial to the galea and originating 
from a fairly large branch of an occipital nerve. This neuroma with 
its ramifications covers an area 10 by 3 mm. 


L'. — r;is< 


Xcunmia in .'=c.ar nt nnus, wllh ncrvo niiers oxjioseil on uloorntefr 
.surface. 


A scar on nose after x-ray treatmouf of ulcer in Ca.se S contained a 
loose itlexiform neuroma in its deep portions. The specimen was sent 
by !)r. .1, A. Sasser of t'onwjiy, S. ('. 

In ( ase t) there was a keloid of the ear wliieh showed slight "encral 
tenderness and a sinitle piiinful .s])ot. Thei-e were munerous small foci 
of i-ound and plasma cells, some of which, particularly at the maririns, 
were adjacent to or surrounded small nerve libers. The sen.sitive sjwt 
eont allied a small loose neuroma i-mbi-dded in fibrous sear 
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SUaiMARY OF JtICKOSCOPIC FINDINGS 

In Case 1 the segment, 6 by 2 mm., excised from a scar on the foot 
showed a small plexiforni neuroma composed largely of single nerve 
fibers poorly supplied with protecting sheaths midway in the scarred 
corium and in close relation to a venule. 

In Case 2 tliere was excision of two painful areas on a mastectomj^ 
scar. Fig. 1 shows a large regeneration neuroma deep in the sear just 
superficial to the subcutaneous fat. Tlie size of the immlved nerve 
bundles suggests their origin from a relatively large nerve trunk. 
Branches of this neuroma extend for- considerable distances into the sear 
and are turned back before reaching the surface. They tend to be 
directed parallel to the densely packed colla genic fibers. 

In Case 3, was a painful spot on a mastectomy scar, containing an 
excessive plexiform neuroma, from which radiated numerous long and 
undulating fibers compressed in dense scar tissue. 
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In Case 10 there was a massive keloid of the neck with a sensitive spot 
on the scar after partial excision. Excessive plexiform nerve regenera- 
tion with some inflammatory infiltration was present at the painful spot. 

In Case 11 was a diffusely tender keloid over the sternum, with re- 
currence of discomfort three months after excision. Sections showed 
numerous regenerated nerve fibers coursing for great distances through 
the scar parallel to the surface. These fibers had fairly adequate sheaths 
and were single or in small bundles of from two to four fibers. Numer- 
ous areas of cellular infiltration, in some instances minute abscesses, sur- 
rounded the nerve fibers (Fig. 4). Neuromas were not seen. 

In Case 12 there was a painful spot on a recently healed laparotomy 
scar, with many areas of inflammation about neurovascular bundles and 
regenerating nerve filmrs. No neuromas were present. 

DISCUSSION 

The histologic findings in these cases indicate that pathologic forms 
of nerve regeneration in relation to cicatricial tissue are of importance 
in the production of painful scars. In ten of the twelve cases, a neuroma 
demonstrated microscopically at the point of maximum hj'peralgesia 
seemed the chief cause of ]iain and tenderness. In two cases, inflamma- 
tory changes seemed responsible for the pain. One of these was a 
diffusely tender keloid, and the other, a recently healed laparotomy 
wound. It seems reasonable to assume, therefore, that a localized point 
of tenderness in an old sear in all probability indicates a neuroma. 

The neuromas have been situated, for the most part, rather deep to 
the surface near the region where ingrowing cutaneous nerve fibers fii’St 
encounter dense or infected scar tissue. Excision of a painful spot 
slmuld, therefore, include the full thiclniess of tlie sear. Only that 
small portion of a painful scar containing a tender area need be removed 
to effect a cure. This fact becomes of importance when excision of the 
entire scar is undesirable and a lesser procedure on an ambulatory pa- 
tient will suffice. Cases in point arc long mastectomy or laparotomy 
scars, as well as multilinear stellate sears, where complete removal might 
entail complicated plastic maneuvers or unnece.ssai-y sacrifice of tissue. 
In recent cases of a few months’ duration where the degree of pain 
does not make relief imperative, a period of observation may be in- 
dicated. Kredel and Evans'"* have reiiorted in pedicle skin flaps that 
liyperalgcsic points appearing at the borders of a scar may gradually 
disappear in the eoui-se of several months. The disappeai’ance of pain in 
veeent scars may bo explained by the subsidence of inflammation or 
by the fact that the irritable regenerating nerve fibei’s atrophy or 
acquire their protecting sheaths of myelin and Schwann cells. 

As regards the recognition pathologically of cutaneous neuromas, 
routine methods of examination are of little aid. Grossly, although 
reaching tlie size of several millimeters, the neuromas arc difficult to 
distinguish from the scar in which they are embedded. Sections, unless 
cut exactly at the sensitive spot, may mis.s the neuroma altogether. Even 








EXPERIMENTAL STUDIES IN TRANSPLANTATION OP THE 

ADRENAL GLAND 


J. Ekglebeet Duxphy, ]M.D., and John L, Keedey, M.D., Boston, ^Iass. 

(From the Lahoraionj for Surgical Seseareh, Sarvard Medical School) 


M any attempts to transplaiit the adrenal gland in the dog have 
proved unsuccessful^'® Failures have been attributed, in part, 
to the irritating properties of the degenerating medulla which produces 
massive necrosis in the tissues to Avhich the transplant is made.^ This 
has led some investigators to remove the medulla prior to transplanting 
the cortex of the gland, and it is now rather generally accepted that 
in small animals adrenal transplants undergo a necrosis which is fol- 
lowed by a regeneration from the capsule of the cortex only.®'" In the 
dog Levy and Blalock® succeeded in transplanting the kidney together 
with the adrenal to the neck, re-establishing the blood supply by suture 
of vessels. Subseciucntly the kidney was removed ai^d viable transplants 
of botli cortex and medulla of the adrenal remained. In a previous com- 
munication® successful transplantation in the dog of the adrenal to the 
ovary was described. This was accomplished by grafting without suture 
of blood vessels, and in such preparations viable transplants of both 
cortex and medulla were obtained. What appears at present to be the 
most satisfactory method of accomplishing such a transplantation is 
herein described and evidence of the functional activity of both the 
cortical and medullary portions of the graft is presented. 

The experimental procedure is as follows: Healthy mongrel bitches 
arc used. In the early experiments it was thought that small animals 
(f) to 10 kg.) were more suitable, but with more experience with the 
technique successful transplantations can be obtained in larger ones 
(lo to 20 kg.). Operations arc performed aseptically under sodium 
pentobarbital (nembutal, Abbott) anesthesia. The procedure is divided 
into three oi>cralive stages. At the first stage the left adrenal gland is 
exposed through an obli(iue .subcostal incision (Fig. 1 in.sort). The lower 
pole of the gland is freed by IJunl and sharp dissection without dividing 
the lumhoadrenal vein. The ovary and salpinx on that side are then 
mobilized and drawn up over the anterior surface of the renal pedicle 
to tlie bod of the adrenal (Fig. 2). In some of the early experiments 
a small fragment of each gland was then excised and the raw surfaces 
united with sutures (Fig. 2 «). It is more satisfactory to incise the free 
edges of the glands, partially bisecting them and then interlocking or 
'‘sandwiching’' the two together (Fig. 2 b). This po.sition is then nrain- 
tained by mattress sutures of fine silk. The wound is closed and at a 
second o]>eration, which is performed three or more weeks later, the 
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■\vlien throvigli the proper area, thin sections stained hj' ordinary methods 
show little. Thicker sections may supply a clue if the sheaths of larger 
nerve bundles can he seen. But a neuroma whose fibers ai’e deficient 
in sheath of Schwann cells can Ire demonstrated satisfactorily only by 
special methods for nerve fibers. 


CONCLUSIONS 

1. Painful and tender scars should be examined for local points of 
hypersensitiveness. 

2. Simple excision of these sensitive sjrots will relieve tlie symptoms 
without removal of the entire scar. 

3. Neuroma formation of tiny cutaneous nerves is the most important 
factor in the production of painful cutaneous sears of long duration. 

4. Inflammatory changes maj' he the cause of pain in recently healed 
sears. 

5. Prolonged healing with suksequent excessive scar tissue about re- 
generating nerves is apparently conducive to the pioduetion of painful 
neuromas. 

6. Demonstration of minute cutaneous neuromas may require the 
use of special histologic methods for the impi'egnation of nerve fibers. 


SUMMARY 

The clinical and histologic findings arc presented in twelve cases of 
painful cutaneous scars. In ten cases, microscoifie neuromas were found 
at the points of tenderness. Relief of symptoms followed e.xcision of 
the painful areas alone. 
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adrenal is separated from its normal neurovascular supply and trans- 
planted together rvitli the ovary (Fig. 3) to the lower abdomen where it 
is sutured to the peritoneum of the arrterior abdominal wall. The final 
stage, removal of the right adrenal, is performed about one month later. 
The right adrenal can he transplanted by the same technique, but more 
difficulV is encountered in freeing the right gland because of its 
proximity to the vena cava. For this reason usually the left adrenal is 
transplanted and the right adrenal excised. 



Fig, 3. — This, the second stage of the operation, is performed one month later, 
at which time the lumhoadrcnal vein is divided and tlie adrenal is separated from Its 
normal neurovascular connection. The gland is then transplanted together with the 
ovary into the peritoneal cavity. 

It is interesting that by this method there is no acute physiologic 
deficiency of adrenal tissue at the time the transplant is made, as the 
opposite adrenal is intact. Similar exceptions to HalstedV“ “law of 
deficiency ’ ’ have been noted by Le%y and Blalock® and by Shainhaugh.^^ 
To date eight successful transplantations liave been made. The ani- 
mals appear to live indefinitely after transplantation of the left and 
excision of the right adrenal. One is alive and in good condition after 
twenty-tlireo months. In four experiments the transplant was excised 
under aseptic conditions and the animals were allowed to recover from 
(he anesthesia. Death from adrenal insufficiency oceniTcd in two, five, 








Fig. 5. — Pliotoniicrograph .showing the area between the adrenal and tiie ovarj- in 
a six-month tran.splant Except for the pre.sence of tlie silk suture, the two glands 
appear almost a.s a single organ. heniatoxylin-eo.sin stain.) 


eluded in the seetion are portions of the Fallopian tube, ovaiy, and 
adrenal. Note that the normal conlour of the adrenal, including the 
nvedulla, is well preserved. Between the two glands is a thin layer of 
vascular connective tissue. How little the appearance of tlie two glands 
is altered by tlie transplantation is shown in Fig. 5, in wliieli, except 
for tlie silk suture, ovary an adi-enal appear as one organ. At a liigher 
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seven, and nine days respectively. Following excision of the transplant 
anorexia was the first symptom to appear. Gradually the animals be- 
came weak and apathetic, refusing all food and water. There was a 
terminal fall in the serum chloride and blood pressure in the two animals 
in which these determinations were made. The findings at autopsy were 



j.'ij.. 4 . — photomicrocrapli showlnr tlio contour of .a transplant six months after 
transplantation. Kalloiiian tube, ovary, ami adrenal arc Included In the section (X13. 

heniatoxylin-eosin stain). 

tliosc usually associated with adrenal insuffieiency. There was marked 
congestion in the viscera, iiarticiilarly in the lungs, jianereas, ami upper 
mistrointostinal tract, and to a Ic.sscr extent in the kidneys and liver. In 
no iihstanee was aeee.ssory adrenal tissue found, although inieroscojiie 
studies were made of tissue from the usual location of the glands. 

Tlie characteristic appearance of the ailrenal gland is well jneserved 
in the transplanted tissue. The incdiillary portion of the graft is always 
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power (Fig. 6) the cortical zones and medulla are more readily dis- 
cernible. There is no hypertrophy or hyperplasia of the gland. The 
zona glomerulosa (Pig. 7) is well preserved without evidence of de- 
generative changes. There is less vacuolization of the cells in the 
fasciculata than usual, but here again no definite histologic evidence of 
malfunction is noted by the ordinary staining methods. 



Fiff. G. 


•riiotoniicroKr.npli 

ycjir-oM 


tlio various layers of the cortfx and 
Iran-^planl iH'tnaloxylln-rosin stain). 


the medulla In 


Tlic excellent preservation of the medullary cells in these transplants 
.■ *• 6 and 8) indicates that, as Turner and his co-workers'- have suk- 
flTnrincipnl reason for the faihire of medullary transi.lanfs has 
tl ' V^eiiltv' in establishing. sufTieient ly soon, an ndcfinale blood 
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vein has been so bright red as to be indistinguishable from arterial blood, 
and on determining the oxygen content of the arterial and venous blood 
one often finds an nnnsually low arteriovenous difference. This, how- 
ever, is not a constant finding, for, after exercise or while under anes- 
thesia, there may be a high arteidovenous difference. The total blood 
and plasma volume has been determined in tAvo animals before and after 
transplantation of the adrenal. In both there was a slight decrease in 
volume.*' 


SENSITIVITY TO INSULIN OF DOGS AFTER TRANSPLANTATION OF ADRENAL GLAND 



Oiun'n inwlin in Minutes 

intcc saline 


Fig:. 9. — Curve:; showing the sensitivity to insulin of dogs as indicated by the fall 
in the blood sugar following the intravenous injection of 0.1 unit of insulin in 1 c.c. of 
normal saline solution. 

As previously stated, the functional activity of the cortical portion 
of the transplants has lieen demonstrated in four experiments liy the 
death of the animals following excision of the graft. No accessory 
adrenal tissue was found at autopsy and, if present, it obviously was not 
.sufficient to maintain the life of the animal after removal of the trans- 
plant. Although the cells of the medulla appear viable, the function of 
this portion of the gland is considerably altered. It is ivell known that 
the secretion of adrenalin in response to various stimuli produces a 
transient hyperglycemia. U.sing this test as an indication of adrenalin 
secretion, Levy and Blalock conld find no evidence of function of the 
mednllaT-y portion of transplanted adrenal glands. Even after the in- 
1 raveno us injection of acetylcholine, which is tlionght by Feldberg and 

hy*Glh^on"and'“s"- de.scribcd 
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Tiic Iicliavior ol tlie aiiiinais foliowiiiir aiitotiaiisjilaiilation of the 
adrenal "land is nol aiton-d. Tln-ir "orn-ra! aj)j)f-araii('C' is the fsaine. 
They are as active as iu)rinal. eat v.-ell, and eiliicr ,i.'ain or maintain their 
■vveiehts. None of tliese animals have eoiit meted diHtemj)er. althou"li 
several have been exj)Osed to tiie disease at vaiyinir periods duriii" tlieir 
course in the laboratoiy. In two experiments the blood fnx-ssure was 
determined by the arterial jjunetnre method before and at vaiyine 
intervals for a year after transjdantation. No sitniiheant variations 
were noted. Tiie normal fastimr levels of su"ar. nonjn-otein nitro'.ren, 
idbumin. globulin, ealeinm, and ]>liosi»horu.s in tlie blood have not been 
altered by transidantation of the adrenal "land in the two experiments 
in which these detei-minations were made. 
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C T3V>ntf5micrograph showing the merlulla of year-old transplant (X300. hema- 
Fig. S. — Photomwroei toxj’Im-eosin stain). 

Althon"h the "cneral appearance and beha-vior of the animals is not 

1 and they seem able to with.stand the ordinary hazards of labora- 

^ existence ' certain variations from the normal have been noted. 

toiy e. . „„tremelv sensitive to sodium pentobarbital so that 

These animals are exuvinci. i 

h If the usual dose is sufficient to produce a full surgical ane.s-thesia. 

of ocea-sions the blood withdrawn from the jugular 

Also, on a numoei 
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vein has been so bright red as to be indistinguishable from arterial blood, 
and on determining the oxygen content of the arterial and venous blood 
one often finds an unusually low arteriovenous difference. This, how- 
ever, is not a constant finding, for, after exercise oi' while undei anes- 
thesia, there may be a high arteriovenous difference. The total blood 
and plasma volume has been determined in two animals before and aftei 
transplantation of the adrenal. In both there was a slight decrease in 
volume.® 


SENSITIVITY TO INSULIN OF DOGS AFTER TRANSPLANTATION OF ADRENAL GLAND 



Cionil insulin Timfr in Minules 

tn Icc saline 


Fig. 9. — Curves showing the sensitivity to insulin of dogs as indicated by the fall 
in the blood sug.ar following the intravenous injection of 0.1 unit of insulin in 1 c.c. of 
normal saline solution. 

As previously stated, the functional activity of the cortical portion 
of the transplants lias been demonstrated in four experiments by the 
death of tlic animals following excision of the graft. No accessory 
adrenal tissue was found at autopsy and, if present, it obviously was not 
.sufficient to maintain the life of the animal after removal of the trans- 
plant. Although the cells of the medulla appear viable, the function of 
this portion of the gland is considerably altered. It is well knorni that 
the secretion of adrenalin in response to various stimuli produces a 
Ivansienl hyperglycemia. Using this test as an indication of adrenalin 
secretion, Levy and Blalock could find no evidence of function of the 
medullary portion of transplanted adrenal glands. Even after the in- 
t raveno us infection of acetylcholine, which is thought by Fcldberg and 

by CdbFou''«;d 2nd. by the method doscribod 
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]ns associalcs”’ lo 1)g the Immoral transmit, Icr of sympatliclic impulses to 
the adrenal medulla, no li.vjierglyceinic rcs])onsc was observed. Similar 
observations were made in the present study. Tlie sugar tolerance of a 
dog following transplantation of the adrenal is similar to that seen after 
denervation of the adrenals.’" Thus, there is a markedly increased 
sensitivity to insulin. The blood sugar curves following the injection 
of 0.1 unit of insulin intravenously in normal dogs, in those M'ith trans- 
planted adrenals, and in those with denervated adrenals is .shown in 
Fig. 9. Note how closely the curves of the denervated and tramsplantcd 
glands approximate each other. Although these various observations 
indicate that adrenalin is not secreted into the blood stream, they do 
not prove that the medullary cells arc incapable of producing adrenalin. 



rfand ten liours after thermal trauma. There is swelling^ ot the cortical cells 
invasion ot the area by polymorphonuclear leucocytes. 


and - 
eosin stain.) 


I ft .photomicrograph showing the cells of tlie zona fasciculata of an intact 

• - . . _.«.i — 1 * — ;« cortical cells 

C X1130, hemotoxylin- 


Despite the fact that the intravenous injection of acetylcholine in 
these experiments, as well as in Levy and Blalock’s, failed to produce 
a hvperglj’cemic response, it seemed possible that adrenalin might be 
. ^ t In the gland and that the formation of acetylcholine at nerve 
o-s within Ihe medulla was necessary for active secretion into the 
W ^stream Accordingly, in two experiments the grafts were e.xeised 
and fourteen months after transplantation and assayed for 
twelve f acetylcholine. The assays were made by K. Lissak of the 
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Department o£ Physiology by a method which he has described.^® By 
this method the normal adrenal of the dog gives a positive test for both 
adrenalin and acetylcholine-like substances. In the transplanted adrenal 
definite evidence of an adrenalin-like substance, in amounts of 80 y 
(gamma) per gram, was found, but there was no evidence of acetjd- 
choline. These observations a year or longer after transplantation in- 
dicate that the medullary cells not only appear viable histologically but 
are apparently capable of producing an adrenalin-like substance. The 



A. 

^ Fig. 11 A nnd I ). — Photomicrographs showing tlie cells of the zona fasciculata in a 
six*inonth-ol(l transplanted adrenal eight hours after thermal trauma. The same his- 
tologic changes noted in the intact adrenal arc found in the transplanted adrenal. 
(X1130, iiematoxylin-eosin stain.) 

absence of acetylcholine together with the inability of the animal to 
mobilize adrenalin into the blood stream, although it is present in the 
gland, lends confirmation to the hypothesis maintained b.v Feldbei'g tliat 
acetylcholine is tiie humoral transmitter of sympathetic impulses to the 
adrenal medulla and that its formation at nerve endings within the 
medxilla is essential for the release of adrenalin into the blood stream. 

Although the exact role of the adrenal in rarions forms of shock is 
not clearly understood, it is known that following severe thermal trauma 



IIG 


si;if«Ki!V 


])alliolop:i(*. c'liiiii^e.s in tlio fflaiul arc a constaiil, /iiidiiifr at ])o.sl 
inortcni.’"’ Ji'iirtlior evidence oC llie fiinelion of llie li'ansplanted 
adrenal is ilie J’aet llial il. sliows liie same liistolofiie elian^es aficr 
tliennal Irannia as llie normal frland. 1'liese eonsisi of swelliiiff of the 
cortical cells, jiarlicularly in flie zona fascieulata and to a lesser extent 
in the zona reticularis, and an invasion of tlie area liy ])olymori)lionue]ear 
leucocytes. The glomerular zone is not. involved. These changes, as seen 
in a normal intact adrenal .several hours iifter sevei’e thermal trauma, 
are .shown in Fig. 10. It is intore.sting tluit tlie tran.sjilantcd adrenal, 
separated from its normal neurovascular connections and thus free from 
a bombardment by sympathetic stimuli, should show a similar alteration 



Fig. IIF. — See page 115 for legend. 


of the cortical cells and infilti'ation with polj’morphonuclear leucocytes 
(Fi“'. 11 ^ ■®)- transplant was removed eight hours after the 

onset of shock from severe thermal trauma. The transplantation had 
been completed sixteen months previously and the animal had remained 
in excellent health until the time of the acute experiment. It is evident 
that the pathologic changes M'hich occur in the adrenal after thermal 
trmima are not of neurogenic origin. 


SUMMARY 

The technique of autotransplantation of the adrenal gland of the 
1 o-rafting it to the ovary is described in detail. Sticli transplants 
dog t).V = viable cells of both cortex and medulla and are sufficient 
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to mamtain the life of the animal for indefinite periods of time. Suc- 
cessful autoti'ansplautation of the adrenal by this method can be accom- 
plished without a marked physiologic need for the graft at the time of 
transplantation. 

The functional activity of the cortical portion of the grafts has been 
proved in four experiments after a period of four to fourteen months by 
the death of the animal from adrenal insufficiency following removal of 
the grafts. Although there is no evidence that adrenalin is secreted into 
the blood stream after transplantation of the adrenal, biologic assays 
of the grafts have demonstrated the presence of an adrenalin-like sub- 
stance. There is no acetylcholine in the transplanted adrenal. Follow- 
ing the shock of severe thermal trauma, the same histologic changes are 
found in the transplanted adrenal as are noted in the normal intact 
adrenal. 

The authors 'u’ish to thank Dr. Orville T. Bailey of the Department of PatlioloSJ' 
for the photomiciographs and Dr. K. Li.ssak, formerly of the Department of Physiology, 
for the biologic assays of the transplants. 
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Editorials 


The Society of University Surgeons and the Need for a Surgical Forum 


T ub major portion of this issue of Sukgicry is devoted to publication 
of papers of (lie second annual meeting of (he Society of University 
Surgeons. This organization, the membership of which is composed of 
young men who have obtained (heir training in university surgical 
clinics, had its origin le.ss than a year ago. The founders’ group was 
comprised of surgeons from the following ton university medical schools ; 
Chicago, Cincinnati, Columbia, Cornell, Harvard, Johns Hopkins, 
Rochester, Vanderbilt, tVashington (St. Louis), and Yale. Fifty men 
were admitted to active membership at the first annual meeting held at 
Rochester, N. Y., in February, 1939, Upon arriving at the age of 45 
years, men will retire automatically from active membership and become 
senior members. The qualifications for membership are defined as 
follows d 


1. The completion of at least one year as surgical resident in a uni- 
versity medical college hospital, maintaining a recognized resident system 
of postgraduate instruction. 

2. Appointment to an official position on a surgical service of a uni- 


versity hospital. 

3. Recommendation for membership by a member of the Society con- 
nected with the institution with which tlie applicant is associated. 

4. A practice limited to surgery or the surgical specialties. 

The aims of the Society of University Surgeons are the advancement 
of the art and science of surgery by : 

1 The encouragement of its members to pursue original investigations 


both in the clinic and in the laboratory. 

2 The development of methods of graduate teaching of surgery -with 
particular reference to the resident system. 

3 Free and informal interchange of ideas pertaining to the above 
subiects as a limited membership and common aims make possible. 

One of the most urgent and obvious needs among surgical organiza- 
tions in this comitry has been a surgical forum to ndiich young men can 
brin«' their contributions and secure an audience. It is to be hoped 
t\is newly formed Society of University Surgeons will satisfy, in 
this want. It is to be regretted that existing surgical societies 
f ’ been slow to include a generous number of representative progres- 
sm-oeons in their membership. For out of that group come 

SSSl leaders d *"* 
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that the wisdom of age and experience should be exchanged freely with 
the enthusiasm of youth and that both old and young would benefit by 
the barter. The most original contributions to surgery, in the main, have 
their origins in the minds of young men. Exclusion of such men from 
membership in established surgical societies appears inconsistent wth 
the expressed primary objective of all surgical societies; namely, the 
advancement of the art and science of surgery. 

True enough, if a young surgeon has something worth while to say, 
surgical journals and other medical publications provide him with an 
avenue for making his ideas known. The particular merit of special 
societies is that their meetings furnish the individual the opportunity 
for crystallizing his ideas through discussion. It affords him also the 
opportunity of seeing and hearing and learning to loiow some of his 
colleagues. The interests of the membership, as a whole, of societies are 
served best by provision for the most original and stimulating papers 
within the scope of concern of its auditors, whether from the member- 
ship or by invitation, that the occasion can provide. It is to be admitted 
freely that the number of papers emncing real evidence of creative 
thought or distinctive achievement available for reading at the meetings 
of most societies is not numerous. Original thinking is the most difficult 
kind of labor and most of us spare ourselves its pains or are incapable 
of sustained thought in unchartered channels. In extenuation of this 
circumstance, it must be said that the yoke of duty and responsibilitj^ for 
the daily tasks hangs heavily on the surgeon. Much of his time is oc- 
cupied in striving to perfect himself in those compartments of skill and 
knowledge which contribute to his effectiveness and the welfai'e of his 
patients. 

The functions of a university are to teach and to think. Like a uni- 
versity, much of the activity of a society of like-minded individuals 
(including surgeons) is taken up by the interpretation or re-echoing of 
the recorded accomplishments of others. To this group of men, into 
which category most of us come, who essay to present papers before 
surgical gatherings, Glenn Frank has given the designation of “salesmen 
of knowledge.” Moreover, the art and the science of surgery are in far 
greater need of the creative rather than of the interpretative mind. 
There appears to be a veritable plenitude of purveyors and caterers of 
.surgical knowledge. In this connection the admonition of Cardinal 
Newman is not to be forgotten; “He who spends his day in dispensing 
his existing knowledge to all comei's is unlikely to have either leisure 
or energy to acquire nerv.” 

It is interesting to contemplate the fortunes of Murphy and Halsted 
in their clay. Resplendent, as one of the greatest snrgieal teachers of 
his time, Murphy’s career reached its zenith within his lifetime and 
his star is growing dim already on the surgical horizon. The influence 
of Halsted is the lengthening shadow of a great man who made im- 
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povtnnl. coni ions lo liis ])ri)vinco of luiowledfi'c, init whoso eon- 
leinporary audiemu! of a])i)roeiati\'c adniircos was not larfie. Ilalstecl’s 
star is I'isinfj; and ])i'oinis(‘s 1o remain Inminous in the sui’gical firina- 
mcnt for a long time to come. 

llucli serious thought has been devoted recently hy American leaders 
in surgery to the eonij)osif ion, ohjeetives, and the ])ofential influence 
of surgical societies. In a bidlliant address entitled “Samuel Gross 
Looks in on the American Surgical A.ssoeiation,’’ conducted in the 
manner of a Socratic dialogue, written in the Erewohnian vein of 
Samuel Butler, Graham- raised a numlier of (luestions concerning the 
nature of the organization and objectives of the American Surgical 
Association which are known to every grou]) which has undertaken 
the responsibility of foiamdating a society which proposes to radiate 
a useful influence. In a very informative jjapei- Pliemister^ has traced 
the origins and outlined the objectives and recounted the influences 
of the national surgical .societies of a number of countrie.s. 

In his jntere.sting 7nonograj)h “The I^ii-st Twenty-Five Years of the 
German Surgical Society’’ Trendo1enbui*g relates how matters of com- 
position as welt as size of membersinp, audience, and nature of program 
were discussed by Langenbeck, Yotkman, Bauer, Simon, and Billroth in 
the formation of the German Surgical Society. Professor Billroth 
mclined to the development of a free informal group in which chatty 
types of papers could l)e presented with a free admixture of intimate 
social intercourse. Langenl)eck, on the contrary, insisted on a more 
formal tj^m of organization which would radiate the influeJiee of Ger- 
man surgery widely. The yeai-s have shown the wisdom of Langen- 
beck ’s judgment. 

The purpose of the Society of University Surgeons, it is to be hoped, 
will concern itself more with the advancement of knowledge than with 
its diffusion. If this or any other constituted surgical group satisfies 
the pressing need for a surgical forum before which the most creative 
thought and original achievement in American surgery can secure an 
audience, it will fill a long-felt Avant, exert a large and important in- 
fluence, and contribute richly to surgery. 

Nowhere in the Avorld have surgeons interested themselves so much in 
the experimental approach to surgerA- as here. Yet, no regular agency 
exists AAdiich makes it possible for young men interested in and pui-suing 
the lifelong study of surgery to bring their researches before established 
sui'o-ical bodies. They can, it is true, often obtain an audience before a 
branch of the American Federated Societies comprising the American 
pj , Biological Society, the American Society of Biological Cliemists, the 
A ^ an Society for Pharmacology and Experimental Therapeutics, 

T\h'e American Society for Experimental Pathology. But, Avhy 
Id not these men have the opportunity of an audience from surgeons 
diTshonld surgeons be denied the priAulege of hearing young men, 
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in their formative years, recite their own achievements? Slust a young 
man receive recognition for his accomplishment before another audience 
before surgeons will deign to hear him? Surgical societies, whose pri- 
mary purpose has been the dissemination of surgical knowledge, will do 
well to lend serious consideration to the matter of the establishment of a 
surgical forum before which the best that is new in surgery each year 
may be presented. Surgery has been advanced more by its science than 
its art. Why not admit young men wdiose ti-aining and original contri- 
butions to surgery indicate that the.y are made of sterling stuff freely to 
the privilege of surgical societies? We who are caterers and purveyors 
of surgical knowledge are too often guilty of “multiplying words with- 
out knowledge.” Exclusiveness of membership in scientific gatherings 
and sterility of ideas are frequent companions. 

The past never returns, but the character of the future can be de- 
termined, in part, by what is done in the present. 
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Spinal Anesthesia: A Controversial Subject 

QPINAL anesthesia has now been before the medical profe.ssion for a 
good many years. To be sure, for a number of tiiese years it was 
in a poorly developed state as to drugs, indications, and technique of 
administration. This liy gradual progress lias now been largely over- 
come. While le.ss so than in the past, there still exists almost a con- 
troversy, at least a striking difference of opinion, as to the value of spinal 
anesthesia, particularly in abdominal operations and especially in upper 
abdominal operations. There are those such as we in our clinic who 
employ spinal anesthesia in practically all abdominal operations, high 
and low. There are those who ivould not consider the employment of 
spinal anesthesia in abdominal operations ; and there are all gradations 
between the two positions. 

It is intei’esling that such a difference of opinion can continue to pre- 
vail and it has fretiuently intere.sted me to try to analyze the situation 
in terms of why this difference exists. I have been led to do this because, 
as the head of a clinic, I have a moral responsibility for methods em- 
ployed in it and because .satisfaction with it, almost amounting to enthu- 
siasm for it, forces me to try to ascertain why others do not have tlie 
■ipiu ON ing interest in it that we in our clinic have. 
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porfiinl conlrihiitioiis 1 o liis ])rovin(;(; oj' knowk-fl^'t!, huf. wliose con- 
1ciu])0)"iry iuulii'iKu: of !t])))i’0(;i!i1ivo ndniirci’.s n';is no! Jlalstcfl’s 

star is risiii”' and pi-oniiscs to rcMitain luminous in tin; surfrical firma- 
ment for a lono- lime to eome. 

I 3 luch serious tlioujilil lias lieen dc'voted reemilly by American leaders 
in suf'rery to tlic eomposition. objectives, and the ])0tential influence 
of surgical societies. In a brilliant addre.ss entitled “Samuel Gross 
Looks in on the American Surgical Association,’' conducted in the 
manner of a Socratic dialogue, Avritlen in the Krewobnian A'cin of 
Samuel Butler, Graham- raised a numbei- of riucstions concerning the 
nature of the organization and objective.s of the American Surgical 
Association ivbicb are known to every group which has undertaken 
the responsibility of formulating a .society which propo.ses to radiate 
a useful influence. 'In a very informative jiapcr Phemister^ has traced 
the origins and outlined the ob.jecfives and recounted the influences 
of the national surgical societies of a number of countries. 

In his interesting monograph “The First Twenty-Five Years of the 
German Surgical Society’’ Trendelenburg relates how matters of com- 
position as well as size of member.shi]>, audience, and nature of program 
were discussed by Langenbeek, Volkman, Bauer, Simon, and Billroth in 
the formation of the German Surgical Society. Professor Billroth 
inclined to the development of a free informal group in which chatty 
ty])es of papers could be presented with a free admixture of intimate 
social intercourse. Langenbeek, on the contraiy, insisted on a more 
formal type of organization which would radiate the influence of Ger- 
man snrgeiy widely. Tlie years have .shown the wisdom of Langen- 
beck’s .judgment. 

'I’he purpose of the Society of Univei-sity Surgeons, it is to be hoped, 
will concern itself more with the advancement of knowledge than with 
its diffusion. If this or any other constituted surgical group satisfies 
the pressing need for a surgical forum before which the most creative 
thought and original achievement in American surgery can secure an 
audience, it will fill a long-felt want, exert a large and important in- 
fluence, and contribute richlj^ to surgery. 

Nowhere in the world have surgeons interested themselves so much in 
the experimental approach to surgery as here. Yet, no regular agency 
exists which makes it possible for .voung men interested in and pursuing 
the lifelong study of surgeiy to bring tlieir researche.s before established 
•o-ical bodies. They can, it is true, often obtain an audience before a 
1 . ” 1 of the American Federated Societies comprising the Ameiacan 
Pi^^kloo-ical Society, the American Society of Biological Chemists, the 
^ ^ Qnf>iptv for Pharmacologj' and Experimental Therapeutics, 

American Society for Experimental Pathology. But, why 
these men have the opportunity of an audience from surgeons 
should no - g„j.„cons l)e denied the privilege of hearing young men. 
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the prolonged and complete relaxation of the abdominal wall and ab- 
dominal contents which can be obtained Avith it, it has reduced the mor- 
tality and morbidity of onr abdominal operative procedures. I feel cer- 
tain that many of the subtotal and total gastrectomies and resections of 
the lower end of the esophagus and cardiac end of the stomach would 
have been made much more difficult and dangerous had it been neces- 
sary to perform them under some other type of anesthesia. 

I have no desire to agitate for the universal employment of spinal 
anesthesia in abdominal operations. I do greatly desire to agitate for 
the training and development of a greater number of anesthetists Avho 
are experts in spinal anesthesia of the various types. I am anxious to 
be certain when we are discussing spinal anesthesia critically that w'e 
who are for or against it are discussing it in the same terms. I wmuld 
epitomize this into the statement that spinal anesthesia, certainly high 
spinal anesthesia, should never be given except by or under the direc- 
tion of one experienced and expert in its use. When we are discussing 
this method of anesthesia and its complications or fatalities without this 
leqiurement of expertness and experience, Ave may unjustly discredit a 
method Avhen the discredit should properly be assigned to an individual. 

— Frank H. Laliey, M.D. 

Boston, Mass. 


To THE Editors: 

In a recent issue of Surgery (pages 282-309, February, 19-10), tliere appeared a 
leMew on Blood Transfusion by Vary. My purpose in writing is to correct some 
statements it contains. 

In the section on ‘ ‘ f aultj’ technique in pretransfusion testing ’ ’ appear the 
Sentences (page 296): “Isoagglutinins and isoagglutinogens may be absorbed or 
e SOI ed by dissimilar or immunized cells or serum respectively for experimental 
pui poses and the identification of subgroups and abnormal agglutinins. There are 
I'o Subgroups identifiable as such by especially prepared sera; one of type A, called 
- -> ^nd one of type AB, called A,,B which are uncommon and so indistinct with the 
usual typing sera that one is apt to mistype them.’’ The meaning of the former 
sentence is not clear to the writer, AA'ith regard to the subgroups, an understanding 
0 which is required for routine blood grouping, a correct presentation would be as 
0 ows. There are two sorts of agglutinogen A, designated as A, and A-, and these 
P'e rise to trvo subgroups in Group A; namely. A, and A-, and two subgroups in 
roup AB, A,B and A,B. The agglutinogen A. is not uncommon, since in most 
u ute populations one-fifth of all Group A individuals belong to Subgroup A. and 
a out onc-fourth of all Group AB individuals to Subgroup A.B. The reactions 

0 ) ood containing agglutinogen A» in Group O and Group B sera (containing 

weaker than those of blood containing agglutinogen A,, but 

1 iig i titered grouping sera are used for typing, as they should be, strong reactions 
arc also obtained with bloods of Subgroups A, and A,B. 

I < if* ^‘'’^ffmups in transfusion reactions, the review states : 

nqucs iona ) j , unrecognized subgroups account for a small number of serious in- 

r iipa 1 )i 1 rene ions.” This is a point of some practical importance, and it mav 
bo remarked that, wh Ic from 1 ouu ii may 

^ theoretical considerations such instances mav ven- 
possibly occur, no case has vnt i.„.,„ . i i , -i-iio-cs may very 

were definitelv shown ti l • subgroups of Group A 

- - to be responsible for hemolytic reactions. Incidentallv the 
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T £eol snrc tluil llio difl’oi'cneos of opinion as to llic value and safely of 
spinal ancslhosia are largely related lo llic fact that proponents and 
opponents of the method frequently discuss llic subject and evaluate the 
method without first eslahlishing common criteria. Without the cstah- 
li.shmcnt of thc.se common factors, opinions and decisions for or against 
spinal anc.sthcsia are of little value and are hound to create attitudes 
which are not basically sound. 

One cannot compare the results obtained with spinal anesthesia given 
by one who is cxjicrt in its u.se witli sj)inal anesthesia given by the sur- 
geon who is to 02 )ei'ato and u'bo llien turns the patient over to a nurse 
or to an assistant, to watch, or with spinal aiicslhesia given by one inade- 
quately trained in its u.se. One cannot comi)nre spinal anesthesia with 
any other anesthesia Avithout being completely aware of the develop- 
ments which have taken and arc taking i)laee in it — pontocaine, dilute 
nupcrcainc, and the as yet unjmoved but promising continuous spinal 
anesthesia (Dr. William T. Lemmon). It. is wrong to assvune that the in- 
trodimtion of drugs into the .spinal canal as a method of producing anes- 
thesia is in any Avay comimrablc Avith some of the other methods of anes- 
thesia, for e.vaniplc Avith that produced by ether. One is a rough and 
ready, ahnost foolproof method of obtaining anesthesia; the other, a 
highly technical method capable of i>roducing great harm unless giA’cn 
by a Avell-trained person. 

Anyone discussing spinal anesthesia, Ave believe, must accept certain 
basic facts, one of the most important of Avhich is that, Avhen a spinal 
anesthesia is given, particularly for an upper abdominal operation, re- 
gardless of the expertness of the anesthetist, the anesthesia Avill occa- 
sionally extend to and beyond the desired level and produce paralysis of 
external respiration. If it has been administered by one experienced 
and expert in spinal anesthesia and its recent developments, this state 
Avill be promptly recognized. The anesthetist Avill cany the patient on 
by means of oxygen and the breathing bag until anesthesia ceases and 
voluntary respiration retvArns. As has been my OAvn experience more 
than once, the operator Avill not know that this condition lias existed 
until the operation is over. Should this occur, hoAvever, Avith a nurse or 
an inexperienced house officer obseiwing the patient, failure to recog- 
nize the true state of affairs and to institute proper measures to meet it 
can and undoubtedly has resulted in fatalities. This is but a single 
example of many, evidencing the fact that spinal anesthesia must be 
"•iven by those expert and experienced in its use. 

We have noAV administered over 10,000 spinal anesthesias. Practically 
all abdominal operations, high and 1oaa% are done in our clinic under 

"nal anesthesia. There haAm been no fatalities attributable to spinal 
anesthesia There are no patients in Avhom there exists a neurological 
inlication related to the spinal anesthesia. I have personally per- 
Tmed many of the operations upon those patients to Avhom the spinal 
tl ia' has been given and am definitely conAunced that, because of 
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CONPUCTED BY AlERED BpaPOCK:, M.D, 


SOME CURRENT PROBLEMS OF ANESTHESIA 

Henry K. Beecher, M.D., Boston, Mass. 

(From the Anesthesia Service, the Massachusetts General Hospital) 
('ContiiMied from the June issue) 

ORGANIC EFFECTS 

Blood Changes During Anesthesia . — 

Blitstein (1937) ]ias made a very long study of physicochemical altera- 
tions of the hlood after surgical interventions under various anesthetics. 
It is difficult to evaluate such blood changes wlien the setup is com- 
plicated by siu'gerj'. This does not imply tliat such studies are value- 
less, hut it does mean that it is virtually impossible to estimate their 
worth unless the reviewer is personally familiar with the controls used 
and the clinic where they were carried out. In any case, it is danger- 
ous to dravf inferences as to the role of the anesthetic from such studies. 

Blood Concentration Influenced by Ether and Barbiturates: Many 
circumstances can effect rather wide variations in the concentration of 
the several elements in the blood. Bollman, Svirbely, and Mann (1938) 
point out that the rapiditj' of the valuations in plasma volume caused 
by withdrawal of water from the tissues to the blood or the loss of fluid 
from the blood to the tissues is less generally appreciated. Thej’^ have 
considered experimentally the influence of ether and amytal anesthesia 
upon blood concentration in dogs. 

Light amytal anesthesia usually produced a definite reduction in 
the hematocrit value. Typically there was a definite increase in the 
plasma volume. These changes were of the same relative magnitude, 
so that the total cireulatoiy blood volume appeared onty slightly 
changed. Following splenectomy there occurred a smaller decrease 
m the hematocrit values and about the same increase in total plasma 
volume as occurred in the intact dog. 

Light ether anesthesia of normal dogs resulted in an increase in the 
hematocrit value and a decrease in total plasma volume. There was 
little if any net change in blood volume. Splenectomizcd dogs re- 
ceiving ether anesthesia showed similar changes in blood concentration 
with the exception that the hematocrit values did not show enou-h 
change to indicate an increased volume of cells in the general cireufa- 
Loii Nornially a more marked decrease in the plasma volume and 
in the total circulating hlood volume occurred than in the intact animal 
under similar circumstances. 
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(irficlo li_y Culbi'rtsoii nud Kiiliditrc, filed iis ii rel’erciifo for the stiitcinciit rcgard- 
iiif; the reliifiou of the suli^roups to serious Iriiiisfiisioii reiodions, deals witli quite 
a difTeroiit subject. 

In the same puriigrai.h (page 200) appears: “The factors re.simnsiblc for 
typo deleriiiination wlieii i)roj)erly ela.ssifiod info tliree genotyjies, A, B, and It, 
obey the Alondeliau law of iidierilanco. 'I’liere are two other factors called M 
and N which exist, indnptMideut of type, and arc similarly inherited by assuming 
an added allelomorphic gone P." 'J'he actual facts arc as follows: It is generally 
ncccptod that the heredity of the four blood grou])s, 0, A, B, and AB, depends 
upon three allelomorphic genes. A, B, and E, which in combination give rise not 
to throe but to six genotypes; namely, genotype BB, corresponding to Group 0; 
genotypes AA and AB, corre.sponding to Group A; genotypes BB and BB, cor- 
responding to Group B; and genotype AB, corresponding to Group AB. With 
regard to the agglutinogens IB and K, these arc inherited by means of a pair of 
allelomorphic genes, At and jNt. The agglutinogen P and its corresponding gene 
P have no connection with the' heredity of At and N. 

In tile section on the early hi.storv of transfusion (page 2S2), Francesca Bolli 
is credited with having performed the fir.st transfusion in animals in tC.rd. Other 
writers have credited Pranccsea Folli with having performed the fir.st tran.sfusion 
from man to man; but in the article by Alayrhofer, who has made a careful study 
of this question (Atayrhofer, B.: Afcd. IVcIf. 12: 4T3, 1038) it is ns.serted that 
Folli never actually carried out a transfusion cither in man or in animals, but 
merely theorized as to the manner in ivhich such transfu.sions could be done, just 
like other writers, such as Hieronymus Cardanus and Atagnus Pegelius, before 
him (School, P.: Die Transfusion dcs Blutes, Copenhagen, 1802). According 
to Zimmerman and Howell, tlie first authentic transfusion in animals was carried 
out not by Folli but by Lower in 1665, using dogs ns the experimental animal 
(Zimmennan, L. Af., and Howell, K. AF.; History of Blood Transfusion, Ann. Aled. 
Hist, i: 415, 1932). 

Finally, with regard to the discovery of isoagglutination, full credit belongs 
to Karl Landsteiner, and it was primarily for this important discovery that he 
was awarded the Nobel Prize in Aledicine in 1930, and the Cameron Prize by 
the University of Edinburgh. As has repeatedly been pointed out (Wiener, A. 
S.: J. A. AI. A. 100: 208, 1933; Blood Groups and Blood Transfu.sion, ed. 2, 1939; 


Ottenberg, B.: .T. AFount Sinai Hosp. 4: 264, 1937; Coca, A. F.: J. Immunol. 20: 
263, 1931) and as can clearB’ be seen by consulting the original article by Shattoek 
.(.T. Path. & Bact. 6: 303, 1900), Shattoek ’s observations did not deal with isoag- 
o-lutination but with rouleaux formation. In Landsteiner ’s papers (Zentralbl. f. 
Bakt. 27; 357, 1900; Wien. klin. Wchnsclir. 14: 1132, 1901), the Groups O, A, B are 
described; the fourth and rarest group, AB, was discovered not by Janskj^ but by 
Deeastello and Sturli (Alunchen. med. Wchnsclir. 14: 1132, 1902), the latter a 


pupil of Landsteiner ’s who continued the work at Landsteiner ’s suggestion. The 

main contribution of Jansky and AIoss was that they suggested two different 

designations of the groups by numbers I, II, III, and IV. In order to avoid 

confusion these are now replaced by the International Nomenclature by letters 

O A B and AB in scientific publications, this nomenclature being advocated for 

' ’ 1 use by the American Alodical Association (Eeport of the Committee on 

Ei’colegal Blood Grouping Tests, J. A. AF. A. 108: 2138, 1937). 

The above remarks are not intended to detract from the value of a review 

L ■ ,.nlinble information on a subject which is still in development and 
thivt coiitftins 

of considerable interest for the surgeon. 


Alexander S. Wiener, AI.D. 


Bacteriological and Serological Laboratory, Office of 
the Chief Aledical Examiner of New York, N. Y'. 
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Interstitial fluid volume as measured in these patients bj’- the thiocy- 
anate method showed an increase of surprisingly great proportions. 
Either a reduction in the extracellular ions, sodium, and chloride, or an 
extracellular increase in concentration of the largely intracellular potas- 
sium ion, would be expected here. Stewart and Rourke found neither 
condition and conclude that this apparent increase must be open to 
question, although it is so large and so constant a finding that it is 
probably true. 

In agreement with the observations of others they found that the 
concentrations of serum potassium and bicarbonate are significantly 
reduced. 

A striking feature of this studj’’ is the extraordinary stability of 
the composition of the blood, despite the great demands imposed 
upon the homeostatic mechanisms in the course of anesthesia and 
operation. 

ISvipal and Reported Anemia: Dallemagne (1938) continues to state 
that evipal anesthesia maj' be followed by a grave degree of anemia.* 
Beecher (1938) was, however, unable to confirm this observation and 
found, on the contrary, that, even when a more intensive and more pro- 
longed exposure to evipal was carried out tlian that emploj^ed by Dalle- 
magne, detailed studies of the erythrocyte count, the cell volume, the 
mean corpuscular volume, the hemoglobin, and the oxygen capacitj' all 
failed to show any anemia-producing effects of evipal. 

Blood Glutathione: Giuffre (1939) repoi’ts that subcutaneous infiltra- 
tion with solutions of novocain, pontocaine, and percaine causes a moi’e 
or less notable diminution of the blood glutathione, less wdth those of 
lower toxicity, novocain and pontocaine, and more for percaine. 

Carhohydraies : Macintosh and Pratt (1938) have reviewed the sub- 
ject of carbohydrate metabolism during anesthesia. This is discussed 
further in the following section on the liver, and in particular in the 
work of Hrubetz and Blackberg recorded there. 

I. A. Lerman (1936) has studied the influence of sodium barbital, 
chloroform, and ether upon glycemia in dogs. The barbital was admin- 
istered by mouth. The rate of absorption is too uncertain by this method 
for vise in such a study as this. Tables of data .such as are presented in 
the article arc also of little value unless the changes observed are estab- 
lished as significant by statistical methods. 

Defandorf (1938) reports that the administi-ation of anesthetic do.ses 
of paraldehyde to healthy, fasting dogs produced a small elevation of the 
blood sugar level. This was greatest during the finst hour and averaged 
16 mg. per cent. High elevations of blood sugar occurred in poorly 
nourished animals under paraldehyde anesthesia. 

Glycosuria did not occur in normal dogs during paraldehyde anes- 
thesia. Significant quantitative changes in the rate of urine secretion 
were not observed. 


•Slutly mailc on 
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III fi study oi! the loliil iiuinlu'rs of eiylhvoeyles and leucocytes per 
cubic inilliuielcr before and aftei’ elhei’ and sodium amj^tal anesthesia, 
llifToiny Ooiuvin (3937) liavc utilized rats and rabbits before 
and after splenectomy. 'I'hc blood counts (excepting erythrocytes in 
rabbits) in the intact animals have been found to be significaiitly lower 
under amytal than under ether anesthesia. 3'^ollowing removal of the 
spleen, they conclude that this organ is not an important site for 
sequestration of erythrocytes fi’om the peripheral hlood of I'ats and 
rabbits under sodium amytal anesthesia, 'i'hej'' conclude further that 
under sodium amytal the spleen jjla.vs an important role in the 
sequestration of leucocytes in rats hut not in rabbits. Increase in 
plasma Amliune dilutes the circulating blood elements under sodium 
amytal anesthesia, resulting in lower counts. The increase in plasma 
may also account for the distended spleen encountered under the 
barbiturate. 

Hamlin and Gregersen (3939) report that the intravenous injection 
of nembutal to produce anesthesia causes a 30 per cent increase in 
plasma volume in normal eats, but an increase of only 2 per cent or 
less in sympathectomized animals. 


McAllister (3938), in studying the effect of ether anesthesia upon 
the volume of plasma and extracellular fluid (Gregersen’s spectro- 
photometric method), found in twenty-three expeidments on dogs that 
one hour of anesthesia caused an average decrease in plasma volume of 
11 per cent. Calculating the decrease in plasma volume from the 
rise in concentration of the serum proteins, the fluid loss averaged 9.3 
per cent. He found fiirther that the hematocrit rise was about tvdee 
that which could be accounted for by the decrease in plasma volume. 
Foliowing splenectomy, this discrepancj' became less. 

Fcav observations have been made of the changes in body fluid of 


IDatients which result from anesthesia (cf. McAllister on animals), 
although the changes produced in concentration of many of the com- 
ponents of the blood have been considered at length. While stiidies 
of patients undergoing operation and anesthesia are open to certain 
obvious criticisms, the findings recorded by Stewart and Eourke 


(1938) are nevertheless of much interest. Studying sixteen patients 
who iTiiderwent ether anesthesia and surgical operation, they find 
that a notable reduction in blood volume occurs without appreciable 
chaiio-e in the physical or chemical character of the blood (see below). 
The average reduction in volume was 13.4 per cent. Concentration of 
the structurally important components of blood plasma — protein, 
and chloride — were accurately maintained. This stability 
it evident that the reduction in blood volume is not due to 
maces ^ blood loss occurring in the course of the operation 

dehy hi thirteen of the cases and was not adequate to account 

for the volume decrease. 
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Weisel, Yotimans, and Cassels (1938) have studied in dogs the ef- 
fects of morphine, scopolamine, and cyclopropane upon the motor 
functions of the intestine, considering separately tonus and nonpro- 
pulsive and propulsive movements, since these may be affected un- 
equallj^ and in opposite directions. Morphine (1 mg. per kilogram), 
they find, produces a rise in tonus and an increase in both propulsive 
and nonpropulsive intestinal movements. This increase is followed in 
from ten to twenty minutes by a period during which propulsive move- 
ments are nearly absent, although the tonus remains high and the 
nonpropulsive movements are still above normal amplitude. These 
findings are in agreement with those of other investigators. 

Scopolamine (gr. fo Vioo Pev dog) quickly produces complete 
inhibition of movements and lowered tonus. 

Morphine and scopolamine together produce an effect about the same 
as morphine alone. 

Cyclopropane anesthesia produces a decrease in intestinal tonus 
and inhibits all types of movements in unpremedicated dogs. In deep 
anesthesia the inhibition is complete. MTien premedication with 
morphine and scopolamine has been used, cyclopropane anesthesia 
does not lower the high tonus of the bowel, but it partially inhibits 
nonpropulsive movements. Propulsive movements are absent. 

Termination of cyclopropane anesthesia is followed by an immediate 
return of the nonpropulsive movements to the preanesthetie level. 
Recovery of tonus is rapid, while recovery of propulsive movements 
may occur at once or may require sermral hours in premedicated or 
unpremedicated animals. 

While Peoples and Phatak (1935) have shown that isolated rab- 
bit’s intestine in cyclopropane and oxygen increases in tonus, it 
seemed desirable to repeat this in the intact animal. Burstein (1938, a), 
using dogs with Thiry-Vella fistulas of the jejunum or ileum, ob- 
served that cyclopropane causes an increase of both intestinal con- 
tractions and tone in the first two planes of third-stage anesthesia. In 
the lower planes of this stage, contractions are inhibited, but tone is 
maintained. It is interesting to compare this with ether Avhieh causes 
an abolition of the contractions in all planes of the third stage. (See 
above reports.) 

Sleeth and Van Liere (1938) have cai'ried out in dogs a comparative 
study of the effects of various ane.sthetlc agents upon the emptying 
lime of the stomach. Using a standard barium meal and making ob- 
servations with the fluoro.scopc, they found under all agents a pro- 
longation of the emptying time: chloroform by 64 per cent, ether by 
40 per cent, and ethylene, cyclopropane, and divinyl ether by about 
7 per cent. Tlicy also report a 15 per cent increase for nitrous oxide, 
ihis is scarcely worth inclusion, for only 5 per cent oxygen was ad- 
ministered with the nitrous oxide. It represents the effect of nitrous 
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Blood Ascorl)ic Acid: It ]ia.s been .stated previously bj" Ecker, Pille- 
mer, and 'Wertbeimer that a clo.se parallelism between comple- 
ment activity and ascorbic acid conlcnt is to be found in guinea pig 
sera. In the present ijaper (193S) they provide data showing that a 
rise in ascorbic acid content of guinea pig serum occurs after thirtj" 
minutes of ether anesthesia; yet no marked changes in complement titers 
were observed. Zilva (1935) found that when 1-ascorbic acid was in- 
.iected into etherized guinea pigs the urinary excretion of the 1-ascorbic 
acid was increased. Bowman and Jluntwyler (1935) have found that 
the urinaiy excretioTi of a.seorbic acid in the dog following ether an- 
esthesia is increased ten- or fifteenfold. 

Kasahara and Gammo (1938) I’eport that the vitamin C content of 
cerebrospinal fluid is not essentially lowered by ether and chloroform 
anesthesia in monkej's and rabbits. 

TJig Gastrointestinal Tract . — 

Oettel (1935) has made the following observations on the influence of 
anesthesia and laparotomy on the motility of small intestines. In the 
noi’iual small intestine of the dog it was shown that under general 
anesthesia (chloroform, ether, evipan, pernocton, chloralose, avertin, 
urethane, paraldehyde, chloretone) the intestines are also anesthetized 
(paralysis of tonus until a resting position in “diastole” is assured). 

Acetylene docs not paralj'ze the intestine of the fistulous dog ; even in 
deep acetylene anesthesia, the intestine goes on Avorking normally. 

Morphine, in unancsthetized fistulous dogs, in contrast to the true 
anesthetics, never causes a paratysis of tonus, even in stupefying doses 
(about 5 mg. per kilogram), but always an increase in tonus until a 
spasm lasting for hours occurs (position at rest in “systole”). 

The movements of the intestine registered under anesthesia after 
opening the abdominal cavity and cutting the intestine are distinguish- 
able qualitatively and quantitatively from the normal intestinal activity. 
As a paralysis of the intestine appears after laparotomy even under 
acetylene anesthesia, the injuiy to the intestinal motility is dependent 
upon the operative interference. 

The small intestine, entirely pai-alyzed by anesthesia and operation, 
regains its ability of rhythmic movement by subcutaneous injection of 
morphine. In a laparotomy under morphine anesthesia, movements of 
the intestine can be registered accordingly, which correspond in their 
main type to the normal activity of the intestine, but are characterized 
by gradual increase of tonus (typical effect of morphine) . 

The movements of the intestine appearing after the death of the 
animal are entirely different from the normal intestinal motility. 

Conclusions regarding intestinal motility and the action of sub- 
on the intestine in situ can be draAvn only Avith great reserva- 
stanc^s experiments in an anesthetized, laparotomized animal. 



KECENT ADVANCES IN SUEGEKY 


131 


of the patient, etc. Complicating these uncertainties is the possibility 
that damage present may have been produced by inadequate oxygen 
intake, by circulatory derangements, by shock, and so on. In such 
a confusing situation "negative” fintdings prove little, and “positive” 
findings must be interpreted guardedly. At the present time the tests 
probably used most often in suspected liver damage in the presence of 
jaundice are the icterus index, the van den Bergh test, and the galactose 
tolerance test, v'hile in the nonjaundiced patients the bilirubin and brom- 
sulphalein tests are often used. Some simplification of these problems 
is necessary before any attack can be made conveniently upon them. 
Coleman (1938), as others had before him (Bourne and Eaginsky), 
decided that the bromsulphalein excretion test was worth employing. 
In using only 100 eases covering six anesthesia combinations, his data 
are open to the criticism of inadequacy; however, it is probably fair 
to draw some inferences from the forty-nine patients who received 
nitrous oxide-oxygen-ether, the twenty-seven who received nitrous 
oxide-oxygen, the thirteen who received avertin, and the eight who 
received spinal anesthesia. He finds in man that avertin produces 
hepatic damage in a higher percentage of cases and to a greater de- 
gree than nitrous oxide-oxygen-ether, than nitrous oxide and oxygen, 
and than spinal anesthesia, and that the liver is slower in recuperating 
from damage produced by avertin than from the others. Interestingly 
enough, he finds nitrous oxide-oxygen less damaging to the liver than 
.spinal anesthesia. (Data on the blood pressures encountered would be 
of interest.) Whatever the anesthetic agent used, the longer the 
duration of use, the greater the chance of liver damage. The older 
the patient, the greater his chance of hepatic damage will be. 

Reynolds, Schenken, and Veal (1938) report a high percentage of 
focal liver necrosis in mice anesthetized by pentothal ; this was not so 
with evipal or amytal. 

Forbes, Neale, and Scherer (1936) describe a liver concentrate 
which, on injection into rats, protects them to a great extent against 
earl)on tetrachloride and chloroform poisoning. What the substance is 
or how it protects is not known. It is believed not to be choline, glu- 
cose, or the pernicious anemia factor. 

The suggestion that low blood amylase is associated with liver 
damage has led Cajori and Vars (1938) to produce liver damage in 
dogs witli chloroform anesthesia and to observe simultaneous changes 
in blood amylase. They found that the amount of decrease of seruin 
amylase was related to: (1) duration of the anesthetic; (2) elapsed 
time following administration of the anesthetic; (3) whether the 
cldoroform was volatilized with air or oxygen (greater decrease when 
air was used) ; (4) degree of liver damage as revealed histologically. 
I'k-om these facts and other evidence obtained it seems probable, al- 
though by no means certain, that the low serum amjdase level found 
vas the result of changes in the liver induced by chloroform. 
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oxide anestliesia idus severe anoxia. Tiiis paper eontains some in- 
dieation of the prol)al)le reasons for the more frecpient postoperative 
gastrointestinal distnrhances following ether, for example, than follow- 
ing eyclopropane or ethylene. 

A marked inliibition of tlie gnt during anestliesia has already been 
described. Emerson (1936) lias .shown in a study on rats that ether 
anesthesia increases significantly the reduction processes taking place 
in the rats’ intestines. These reduction processes, following one hour 
of “surgical” ether anesthesia, reach a i^eak with the fecal sample 
taken six houi’s after induction of anesthesia. Some augmentation 
over those of untreated controls is shown up to the eighteenth hour 
folloAving anesthesia. It is doubtful if one can draAv any analogies in 
man, for the definite and regular biochemical effects of the functional 
disturbance in rats. have not been identified in man. 

Burstein (1938, b) has studied the effect of diAunjd oxide on in- 
testinal activity in auvo. He recalls that Peoples and Phatak haAm ob- 
served that the tone of an isolated intestinal segment is increased by 
diAunyl oxide; Aidiereas, in the present study Burstein finds, contrary 
to the in Autro studies, that all animals (six dogs) shoAAmd effects 
identical to those obtained Avith ether (diethyl) — diminished muscular 
tone and complete inhibition of intestinal contractions during all 
planes of surgical anesthesia. 

Eth 3 d alcohol diminishes the tone and peristalsis of the human 
stomach. BarloAV (1936) found this true for all doses studied. In- 
terestingly enough, he found that A\diisky containing equivalent 
amounts of alcohol actuallj^ increased gastric tone and motility, and 
it Avas onlj’- after relativelj^ large doses of Avliisky that the depression 
characteristic of alcohol appeared. 

Asteriades (1938) recounts scAmral cases of postoperative ileus suc- 
cessfully treated by spinal anesthesia. 

In regard to gastrointestinal disturbances, Taylor, Bennett, and 
"Waters (1937) find that “total nausea and emesis” under cyclopropane 
occur in 28.7 per cent of the cases, AAdiereas under ether the figure is 
40 6 per cent. They find the nausea to be less seAmre and of shorter 
duration under cyclopropane than under ether. 

The Liver . — 

In any determination of the effects of anesthesia upon hepatic func- 
tion a number of considerations are inescapable. Is the liver dam- 
ao-ed by the operative intervention, for example? The operathm fac- 
can be controlled Avith some degree of completeness by a large 
■■ ' of similar eases under Amrious anesthetic agents. Considerable 
be raised fairlj^ of Avhetlicr measurement of one of the 
numerous functions gives a useful picture of damage produced 
liver s agent. This is aside from reasonable questions of 

by the anes o diu-ation of anesthesia, age and condition 

sensitivity of tlie tesxs 



RECENT ADVANCES IN SURGERY 


133 


They found divinjd ether to he an unsatisfactory anesthetic agent for 
use with dogs. The animals were too often either about to awake 
or about to die. The safe anesthesia zone appeared to be narrow, nar- 
rower than for man, they conclude. "When death occurred following 
the use of too great a concentration of the drug, it was apparently 
due to respiratory failure closely followed by cardiac failure. 

Ravdin, Vars, Goldschmidt, and Klingensmith (1938), in continuing 
their studies of anesthesia and liver damage, have taken up the prob- 
lems of whether the use of oxygen as the volatilizing agent in chloro- 
form anesthesia has a sparing effect upon liver glycogen, or whether 
it modifies or prevents fatty infiltration of the liver and whether it 
influences the level to which the blood sugar might rise during anes- 
thesia and the rapidity of the fall following anesthesia. Dogs and 
white rats were used in the studies. 

They report that during chloroform anesthesia the blood sugar level 
is the same whether air or oxygen is used in volatilizing the agent, 
although, of course, when anoxia exists great increase occurs in the 
blood sugar level. Rise in blood sugar during anesthesia was not pro- 
portional to the original glycogen concentration. 

Ravdin (1939), in summarizing earlier work by himself and his 
associates, says that adequate oxygen in the inspired air during anes- 
thesia will have almost as much protecting action on the liver as a 
high carbohydrate intake. 

Influence of Diet on the Actio7i of Anesthetic Agents, With Some Re- 
marks on Hepatic Function. — 

There is nothing new in the demonstration that diet can influence 
the physiologic action of drugs. Many examples of this can be re- 
called. For instance, there is the work of Salant and Swanson (1918). 
In studying the toxicity of sodium tartrate, they used cats, rabbits, 
and rats and found that diets rich in sugar were efficacious in de- 
creasing the toxicity of the tartrate. The toxicity of sodium tartrate 
was most marked on a diet of oats, hay, and cabbage. Resistance to 
the tartrates was much higher when the animals Avere fed a diet of 
carrot leaves. Then, there is the obseiwation of BlatherAvick and his 
associates (1924) avIio presented data to shoAv that rabbits fed on a 
base-forming diet are less resistant to insulin than animals fed on an 
acid-forming diet. This observation Avas confirmed by Geiger and 
Kropf (Hjort et al. [1939]). 

It is of some interest to consider the accounts of the influence of 
diet on the action of anesthetic agents. Benecke (Hjort) found that 
the toxicity of avcrtin Avas apparently uninfluenced by unbalanced 
diets, q'his is somewhat .surprising Avhen one considers the similarities 
of the toxic effects of avcrtin and chloroform, and surprising in the 
light of the Avork of Ravdin and his associates (to be described in 
some detail below) and others regaixling the influence of diet on 
chloroform poisoning. 
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Liver esterase was found to be decreased in livers made severely 
necrotic by chloroform. 

Boui’nc, McDowell, and ^^113^0 (1937) recount earlier work of 
Bourne and llnginsk3’ in which. the following conclusions in regard 
to Adn3d ether were made (the liver function was tested with brom- 
sulphalein d3'e) : 

1. Vin3d ether anesthesia in normal dogs docs not appreciably alter 
liver function. 

2. If c3"anosis occurs during this anesthesia, liver necrosis may re- 
sult. 

3. Viu3d ether anesthesia neither enhances previous liver damage 
nor dela3’'s recoveiy from it. 

4. Viiyd ether anesthesia does not have a greater effect upon the 
liver function of starved dogs than it does in normal dogs. 

The}' describe IMolitor’s work (pei’sonal communication and ap- 
parentty previous^^ unpublished). Molitor placed a cannula in the 
bile duct, and, with a drop recorder to indicate changes in rate of 
flow, he proceeded to measure and weigh the bile formed. This was 
reinjected into the duodenum. A control animal showed a pronounced 
decrease in bile flow in the fii-st hour and slow and gradual increase in 
the next two hours. Under chloroform an immediate decrease in bile 
flow occiirs; this persists even after the anesthesia is withdrawn. 
Under etlyl ether there was a slight initial decrease and a subse- 
qitent increase in bile flow as in the control animal. Under vin}'! 
ether there was no change . in bile flow, even with two hours of pro- 
found anesthesia. With 95 per cent nitrous oxide and 5 per cent oxy- 
gen there was a prompt drop in bile flow, almost comiDlete cessation. 
This was then changed to 80 per cent nitrous oxide and 5 per cent 
ox3^gen -i- vmyl ether to produce deep anesthesia, and the bile flow 
was resumed, reaching its normal rate in five minutes. 

Oxygen and Hcimtic Function During Anesthesia . — 

An interesting historical review of the relationship of anesthetic 
a'>'ents to liver function is presented by Bourne (1936). His conclud- 
ing remarks are of interest here: “It can be said that, with the ex- 
ception of C3mlopropane, all anesthetics may cause some impairment of 
liver function. But this should not be taken too seriously, except iji 
the case of chloroform. ...” The protective action of adequate 
oxygen is well established. Oxygen shortage may cause irreparable 

liver damage. , 

\fter a study of the effects of divinyl ether anesthesia in dogs, 
Bourne and Raginsky (1935) conclude that the agent does not alter 
V - ■ function appreciably in dogs that are normal, unless the anes- 
thesia is accompanied by anoxia, in whieli case liver damage occurs.* 

• See Bavdin ct al. 
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that variations in diet of experimental animals may be responsible 
for great imriations in sleeping time, hence the necessity ■ for con- 
trolling this factor in anesthesia studies. Not only were significant 
differences obtained in the minimum hypnotic dose (unsymmetrical 
n-propyl-o-tolyl urea) but in the minimum lethal dose as well. 

One cannot escape the obvious implication of the above studies that 
variations in diet may be responsible, at least in part, for the puzzling 
and at times dangerous variations in response of patients to the 
clinical use of barbiturates. 

There is no need for reviewing at this time the great number of well- 
known studies on the influence of diet on the development of chloro- 
form poisoning in animals subjected to anesthesia with that agent. 
The recent interesting studies of Ravdin and his associates will, how- 
ever, be eonsidered below. 

Blackberg and Hi’ubetz (1936) haA'e found, in a study of the factors 
which influence pentobarbital (nembutal) anesthesia, that glucose 
by vein does not materially shorten the duration of anesthesia, where- 
as fasting for twenty-four hours materially increases the period of 
anesthesia. No correlation between blood sugar levels and suscepti- 
bility could be demonstrated. The blood sugar level at the time of 
greatest depression from the agent continued at the initial level until 
the time of recovery, when a definite drop occurred. 

Blackberg and Hrubetz (1937) report that fasting for twenty-four 
hours increases the susceptibility of rabbits to pentothal. The dura- 
tion of anesthesia is lengthened. No correlation was found between 
the blood sugar level and the susceptibility to the drug. 

One of the well-known hazards of the use of barbiturates is their 
variability of action. The factors undeilying this variability are not 
at all clear. It is kiioivn that fasting increases susceptibility to 
barbiturate action, and so the findings of Hrubetz and Blackberg 
(1938) are ' of considerable interest. They found that, although 
animals (rabbits) deprived of food for twenty-four hours showed 
an increased susceptibility to the anesthetic, they could not correlate 
this with the blood sugar levels. Nembutal and amytal produce no 
change in blood sugar levels at the time of deep anesthesia. Pheno- 
barbital causes none in the first hour. Pentothal and seconal bring 
about a rise in the first hour. In general, the agents produce a signif- 
icant fall in blood sugar level at the time of recovery from anesthesia. 
Since lowering of the blood sugar level does not explain the increased 
di-ug effects, they investigated liver function and carbohydrate mobiliza- 
tion. 

With each of the barbiturates studied (nembutal, pentothal, seconal, 
arnylal, and phenoharbital) they found a marked depression in the 
glycogenolytic power of the liver as shown by the absence of or diminu- 
tion in the rise in blood sugar after epinephrine. The short-acting 
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Continuing on the same theme, it is interesting to find that Cutler 
(1932), while not able to demonstrate any consistent differences in the 
amoiint of liver damage produced by carbon tetrachloride in dogs on 
various diets, was able to shoAV that the severity of the symptoms 
and the number of the deaths secondary to the liver damage could be 
affected profoundly by the diet, a high calcium diet affording con- 
siderable protection. 

Widmark (Hjort et al. [1939]) found that the ethyl alcohol level 
of the blood of fasting' dogs was lower than it otherwise was when the 
fasting animals received various amino acids with the alcohol, by 
mouth. He also observed a similar effect when proteins or certain 
acids were given with the alcohol; water, fat, and carbohydrate were 
ineffective. 

A notable increase in sensitivity of rabbits to cocaine was accom- 
plished by Nedzel (1934) Avhen the animals Avere placed on an acid- 
forming diet (urine reactions) over that found Avhen they Avere living 
on an alkali-forming or mixed diet. He (1935) has described experi- 
ments AA'hich suggest that rabbits are more sensitive to ethyl hydro- 
cupreine hydrochloride poisoning Avhen on an acid-forming diet. In 
considering the infiuenee of diet upon the action of phenobarbital 
sodium in rabbits, Nedzel (1937) foAind cA-idence that the animals 
on a diet producing an acid urine undergo longer general anesthesia 
than those on a mixed diet (urine nearly neutral). 

Hjort, deBeer, and Fassett (1939) haAm studied the effect of diet 
in albino mice upon the anesthetic qualities of several hypnotics (un- 
symmetrical n-propyl-o-tolyl urea, ethyl-o-ethylphenyl urea, and sodium 
ethyl [1-methyl-butyl] barbiturate). Remarkable valuations in sleep- 
ing time Avere elicited by altering the diets. 


Table A'^I 


DIET 

NUMBER OF 
MICE USED 

MEAN SLEEPING TIME 
( MINUTES) 

1. AAUiole grain diet 

30 

85.6 

2. Grain flour diet 

59 

93.2 

3. Purina dog chow 

30 

10.3 

4 High carbohydrate diet 

57 

48.5 

5 High protein diet 

57 

34.9 

6 Grain diet with cod-liver oil 

58 

81.4 

7 Grain diet with cod-liver oil 

58 

91.5 

and .ascorbic acid 



S Grain and milk diet 

57 

55.8 


They Avere unable to determine the cause of these Amriations in 
sleeping time. Interestingly enough, they did not appear to be related 
acid-forming or base-forming elements, for the diets used tended 
° 1 acid-forming. Reasons are presented Avhy the variations ean- 
\ explained on the basis of high protein or high carbohydrate 
not 0 - explanation mny be for the Amriations in 

contents. practical point to be gained from these studies is 
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that variations in diet of experimental animals may be responsible 
for great variations in sleeping time, hence the necessity for con- 
trolling this factor in anesthesia studies. Not only were significant 
differences obtained in the minimum hypnotic dose (unsymmetrical 
n-propyl-o-tolyl urea) but in the minimum lethal dose as well. 

One cannot escape the obvious implication of, the above studies that 
variations in diet may be responsible, at least in part, for the puzzling 
and at times dangerous variations in response of jiatients to the 
clinical use of barbiturates. 

There is no need for reidewing at this time the great number of well- 
known studies on the influence of diet on the development of chloro- 
form poisoning in animals subjected to anesthesia with that agent. 
The recent interesting studies of Kavdin and his associates will, how- 
ever, be considered below. 

Blackberg and Hrubetz (1936) have found, in a study of the factors 
which influence pentobarbital (nembutal) anesthesia, that glucose 
by vein does not materially shorten the duration of anesthesia, where- 
as fasting for twenty-four hours materially increases the period of 
anesthesia. No correlation between blood sugar levels and suscepti- 
bility could lie demonstrated. The blood sugar level at the time of 
greatest depression from the agent continued at the initial level until 
the time of recovery, when a definite drop occurred. 

Blackberg and Hrubetz (1937) report that fasting for twenty-four 
hours increases the susceptibility of rabbits to pentothal. The dura- 
tion of anesthesia is lengthened. No correlation was found between 
the blood sugar level and the susceptibility to the drug. 

One of the well-known hazards of the use of barbiturates is their 
variability of action. The factors underlying this variability are not 
at aU clear. It is known that fasting increases susceptibility to 
barbiturate action, and so the findings of Hrubetz and Blackberg 
(1938) are of considerable interest. They found that, although 
animals (rabbits) deprived of food for twenty-four hours showed 
an increased susceptibility to the anesthetic, they could not correlate 
this with the blood sugar levels. Nembutal and aniytal produce no 
change in blood sugar levels at the time of deep anesthesia. Pheno- 
barbital causes none in the first hour. Pentothal and seconal bring 
about a rise m the first hour. In general, the agents produce a signif- 
blood sugar level at the time of recovery from anesthesia. 
Since lowering of the blood sugar level does not explain the increased 
> rug effects, they investigated liver function and carbohydrate mobiliza- 


With each of the barbiturates studied (nembutal, pentothal, secona; 
. . tal, and phenobarbital) they found a marked depression in th 
p cogenolytic power of the liver as shown by the absence of or dimimi 
ion m the rise in blood sugar after epinephrine. The short-actin' 
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bai’bitiu'.ites are believed to be largely detoxified in the liver and 
aeeordingly might be expected to infiuence tlie glycogenolytic func- 
tion of that organ ; iioAvever, phenobarbital eliminated l)y the kidneys 
likewise depresses liver function. These findings strongly suggest 
that all barbitiirates, however eliminated, produce a transient impair- 
ment of liver function. 

Ravdin, Vars, Goldschmidt, and Klingensmith (1938) believe that 
the prolonged hyperglycemia observed following termination of chloro- 
form anesthesia is due to damage of liver cells (dogs, white rats) by 
the anesthetic agent. Liver g] 3 mogen content ^vlls found to be reduced 
steadily^ during the anesthesia period. About 35 per cent of the liver 
glycogen Avas lost during a tAvo-liour period of anesthesia; hoAvever, 
gljmogen continues to disappear from the liver so that 94 per cent of it 
has been lost tAventy-four hours after anesthetization. With the fall 
in liver gljmogen concentration, the fatty acid concentration of the 
liver iiAcreases. When ghicose is administered folloAving anesthetiza- 
tion, a simultaneous increase in liAmr gljmogen and liAmr fat occurs. 
This is CA'idence against the existence of a reciprocal relationship be- 
tAveen these substances as reported by*^ others. 

The influence of foodstuffs upon the susceptibility of the liver to 
injury’- by" chloroform and the probable mechanism of their action have 
been considered in rats by" Goldschmidt, Vars, and Bavdin (1939). 
They find that the incidence and severity" of damage to the hepatic 
cells increases progressively" Avitli an increase in the concentration 
of lipids in the liver. This is quite indeijendent of the content of 
gly"cogen in the liver at the beginning of the anesthesia ; but it may be 
modified by the protein content of the ration. The chief reason for 
the protection of the liver against injury", folloAving a diet high in 
carbohy"drate content, is probably" the reduction in the lipid content 
of the liver Avhich results from such a diet. Under certain circum- 
stances, for example, inanition, the administration of carbohydrate 
may protect the liver by" its protein-sparing action. Bavdin and his 
associates find no evidence that the depletion of hepatic glycogen by 
chloroform is associated Avith the metabolic requirements of the liver. 
They consider that this depletion is probably a manifestation of a 
effect of the toxic agent. 

A high protein diet preceding chloroform anesthesia greatly reduces 
the incidence of hepatic cellular necrosis, even in livers Avhich contain 
a high lipid content, and because of this, notAvithstanding a severe 
attack by the chloroform. 

' Vars Goldschmidt, and RaA"din (RaA"din [1939]) present further 
"idence that the high carbohydrate intake acts in several Avay"s in pro- 
tecting" against chloroform poisoning: 

Liver o-lycogen displaces liAmr fat. (Fat concentrates the anes- 
^ thetic agent” by absorption, and the agent produces necrosis by 
direct cellular damage.) 
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2. The high carbohj^drate intake spares the reserve stores of protein 
in the liver. (These are important in protecting against hepato- 
toxins, such as cliloroform.) 

Adequate protein, as well as abundant carbohj^drate, in the diet 
is important. Food by month is essential if intravenous glucose is to 
inerease the quantity of carbohydrate stored in the liver, the authors 
state. 

Liver Damage and Sleeping Time Tinder Barbiturates . — 

Cameron (1939) recalls the work of Pratt and his associates (1932, 
1933), finding that dogs given nembutal twenty-four hours after pro- 
longed chloroform anesthesia sleep much longer than "normal” animals. 
No such effect was found for barbital. Koppanyi and his associates 
(1936) confirmed this work in eats and dogs. These workers, however, 
found prolonged sleep with barbital. They suggested that chloroform 
injures the nerve cells, making them more susceptible to the bar- 
biturates. Cameron and deSaram (1939) produced liver damage by 
means of carlion tetrachloride. Following this, nembutal and evipan 
were found to produce almormally prolonged sleeping times, although 
in the case of the slow-acting agents, medinal and luminal, no prolonga- 
tion was observed. 

Progressive liver damage was produced in rats by giving twice- 
weekly doses of earlion tetrachloride subcutaneousl 5 ", with the results 
showmin Table VII: 

Table Vli 


DURATION OP LIVER DAMAGE 

NUMBER 

RATS 

MEAN DURATION OF 
OF SUEEP IN MINUTES 
AFTER STANDARD 
DOSE OF NEMBUTAt. 

MORTALITY 
FOLLOWING STAND- 
ARD DOSE OP 
* NEMBUTAL 

Normal 

55 

102 + 4 

0 

One month CCl, intoxication 

20 

14S + 14 

12.3% 

Two months CCl, intoxication 

18 

208 + 10 

28.0% 

Three months CCl, intoxication 

12 

249 ± 22 

38.0% 


•Forty mg', per kilogram of body weight, given subcutaneously. 


After one month of CCl^ intoxication, the liver shows only very 
slight alteration either gros.sly or microscopically, yet a significant 
prolongation of sleeping time occurs, and lethal effects occur with a 
dose below the normal minimum lethal dose. 

In other experiments they found that chilling increased the mov- 
lalify. 

Some Examples of the T'.sc of Anesihciic Agrnt.s in Sludging Physiologic 
Processes . — 

Acquired Resistances of Fixed Tis.suc Cells: JlacNider (1938) re- 
views his work extcndiiig over thirty years on the acquired resistance 
of fi.xed cells (liver, kidney) that develops as a process of cell meta- 
plasia secondary to tissue injury (uranium, cliloroform). Thc.se .sludic.s 
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are of interest liere simply as an example of how anesthetics, even their 
toxic effects, can be utilized in unravelling the processes of physiolog}’ 
and pathology. 

Blood Clotting: Smith, AVarner, and Brinkhous (1937) present an- 
other examj^le of the use of an anesthetic agent (chloroform) in the 
stud 3 ^ of liver function. In severe liver damage 1)5'' chloroform, disturb- 
ance of blood clotting occurs. Clots can form, but they are flabb}^ and 
ineffectual in controlling hemorrhage from minor incisions. The bleed- 
ing tendency is due to a deficienc 5 ’’ in fibrinogen and also to a great 
fall in plasma prothrombin. Smith and his associates (loc. cit.) have 
demonstrated (in dogs)’ that the prothrombin is more labile than the 
fibrinogen. AVlien the chloroform dosage is small, the prothrombin 
level falls much more markedl 3 ’' than the fibrinogen level. By using 
repeated small doses of chloroform, these two clotting factors can be 
dissociated, the fibrinogen level remaining unaffected, while a great 
fall in the prothrombin level occurs. The relation of liver injury to 
the plasma prothrombin level demonstrates that the liver is con- 
cerned in the manufacture of prothrombin. Chloroform damage ap- 
pears to interfere more easily with prothrombin formation than with 
fibrinogen formation. 


Benal Function . — 


The effects of the common anesthetic agents on normal kidne 3 ’' func- 
tion have been studied on several occasions. In this regard, the recent 
paper of Orth and Stutzman (1938) is of considerable interest. Since 
urea is the chief product of excretion in the urine and since both tubules 
and glomeruli are involved in filtration and reabsorption, urea clear- 
ance determination would appear to give an index of the action of anes- 
thetic agents on the kidne 3 's if damage occurred. It is well loiown that 
slight fluctuations in clearance values ma 5 ' occur and represent normal 
variation in lddne 3 ' function. Sixt 3 '- to sevent 3 '-five-minute periods of 
“surgical” anesthesia with c 3 'clopropane, ether, or chlorofoi’m were 
carried out in dogs at about weekB' intervals for man 3 ’' u'eelvs. The re- 
sults indicate that none of the three anesthetic agents studied interferes 
with kidne 3 ' function, as determined b 3 ’’ urea clearance. Eepeated collec- 
tions of twenty-four-hour urine samples following each anesthetic agent 
also showed normal volumes. Microscopic examination showed “slight 
casts leucocytes, and occasional eiythroeytes. ” A slight albuminuria 
was present after ether but cleared within a few da 3 's. The authors did 
not encounter this after cyclopropane or chloroform. They have never 


found gB'Cosuria. 

It has been shown b 3 " a number of workers that the rate of secretion 
f the urine is diminished under sodium isoamylethyl barbiturate. It has 
°1 \een shown that under this agent dilution of the blood occurs. 

° - and his co-workers (1937) have studied the effect of this ancs- 

Gouaux a there is no serious inter- 

tlipfic in niij o » j i xi 

f nee vdth. kidney function, as measured by the urea excretion. 
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Smith, Rovenstine, and their associates (1939) have studied the 
circulation of the kidney under spinal anesthesia in twenty-one nn- 
operated subjects. Anesthesia to levels above those at which the efferent 
sympathetic paths to the kidneys emerge from the cord does not produce 
renal hyperemia, nor any consistent effect upon renal circulation. They 
conclude “that the tone of the renal arterioles is normally maintained 
by autonomous, intrinsic activity of the peripheral vascular apparatus 
and is not dependent upon tonic activity of the central nervous system.” 

In 1935, Zilva presented evidence that, when compounds of the ascorbic 
acid series were injected into guinea pigs previously depleted of 
vitamin C, only the antiseorbutically active members were “fixed” by 
their tissues. There was, furthermore, some indication that a quantita- 
tive relationship existed between degree of activity and quantity 
“fixed” by the tissues. The amounts of the compounds excreted by 
the kidneys varied inversely with their antiscorbutic activity. When 
ether anesthesia was used to facilitate the intravenous injection, the 
quantity of 1-aseorbic acid excreted in the urine increased (doubled) 
over that excreted in the urine when no anesthesia or procaine local 
anesthesia was employed. When the several compounds were con- 
sidered, the influence of the general anesthesia became less as the 
activity of the antiscorbutic compound diminished. 

Kolb and Langworthy (1938) have carried out a comparative study 
of the effects of barbiturates, ether, and bulbocapnine upon mieturition. 

Sii.prarenals . — 

Knocfel (1936) has pointed out that many of the undesirable side 
effects of ether and chloroform anesthesia resemble effects produced 
by epinephrine and has suggested that a major cause of these side effects 
is an increased output of adrenin from the suprarenals as a result of 
stimulation of the hypothalamic “sympathetic center” and increased 
stimuli through the thoracolumbar system. 

Emerson (1938) has pointed out that test of Knoefel’s hypothesis 
should be based upon direct examination of the adrenin content of the 
suprarenals rather than upon indirect biochemical evidence. Emerson 
has made such a te.st and repoi-ts (1938) a significant decrease in the 
amount of adrenin found in the suprarenals of cats anesthetized with 
other for thirty minutes, but this was not so after divinyl ether. The 
decrease did not occur under ether if barbiturate premedication was 
used. 

An increased outpouring of adrenin during anesthesia may be due to 
(1) excitement during induction or recovery or (2) continued stimula- 
tion of the “.sympathetic center” or the splanchnics during deep anes- 
thesia. It is possible, as Emerson recognizes, that his re.sults could be 
criticized justifiably on the basis that longer, stormier inductions 
under ether than under divinyl ether account for the findings. Tie 
attempted to correct for this by the deliberate use of slow inductions 
under divinyl ether. 
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Skclcial Mvsclc Tonus . — 

Sluselc lonus is a sliglit clastic pull of Jnuscles ■which, it has been 
suggested, is influenced to some extent via the sympathetic nervous 
system ; however, the chief imi)xilses responsible for it come through the 
motor nerves which control active movements. Muscular tonus is under 
the active control of the motor centers in the spinal cord. These centers 
are influenced by reflexes from the skin and muscles and by the higher 
centers. Oxygen and COn contents of the blood also greatl.y affect tonus. 

Strychnine increases the activity of the spinal nerve centers and 
increases tonus. Ether (early) inci'eases muscular tonus. Henderson 
(1937) explains this by saying that the inhibiting influence of higher 
centers is eliminated and the lower centers become more active. In full 
anesthesia, the activity of the motor centers themselves is diminished, 
and tonus is lessened or abolished. The muscles relax and become 
flaccid. 

The above is widel 3 ' accepted. Henderson reports: 

1. Tonus induces a pressure within a muscle. 

2. This pressure forces the blood onward toward the heart. With low 
tonus the blood t.ends to stagnate in the capillaries. With high tonus 
the flow onward is promoted. 

He attributes to low muscle tonus postoperative pulmonary complica- 
tions (high diaphragm, etc.) as well as shock. 


SPECIAL FIELDS 

Peridural Anesthesia . — 

Tuohy (193S) describes how Pages in 1921 and Dogliotti in 1933 in- 
dependently worked out a method of ijroducing segmental or localized 
anesthesia bj’’ injecting a local anesthetic agent into the peridural 
space. In this space the anesthetic acts upon extradural portions of 
the spinal nerves, upon the spinal ganglia, and upon paravertebral 
sympathetic nerves. Usually from 30 to 40 c.c. of a 2 per cent procaine 
hydrochloride solution are injected; segmental peridural anesthesia 
then lasts from one to two hours. The chief advantages of this method, 
as stated bj' Dogliotti (summarized from Tuohj^), are that (1) there is 
no danger of diffusion of the anesthetic toward bulbar centers; (2) 
anesthesia is reduced to a very limited segment of the body; (3) there 
is less fall in blood pressure than that occasioned bj-^ subarachnoid 
injection; (4) there is less nausea and vomiting than occurs under 
spinal anesthesia ; (5) there is an incidence of "lumbar puncture head- 
ache” of less than 1 per cent; (G) in debilitated patients a greater 
mar"-in of safety is obtained than with subarachnoid block. 

As disadvantages, Tuoh 3 ' lists failure to obtain adequate anesthesia 
in the proper region in some eases and eonsideralde delaj" in obtaining 
tl ia Perhaps Tuolpv considered it too obvious to mention in 
T'^^outliuc referred to, but it seems to this reviewer that one should 
• ^I'de the hazard of the needle’s accidentally puncturing the dura 
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and arachnoid. After the injection has been well started, it is difficult, 
if not impossible, to determine whether one is in the peri- or subdural 
(subarachnoid) space; the two chief tests which indicate the peridural 
space can no longer be elicited; the negative pressure is no longer 
present and injected fluid can be aspirated. More than one able anes- 
thetist can testify that this hazard is a practical one. Such large 
quantities of procaine are used in the peridural technique that, when 
an accident occurs and these are injected into the subarachnoid space, 
an extremely serious situation results. 

Odom (1936) uses pontoeaine and procaine combined in peridural 
anesthesia, obtaining anesthesia which lasts from one and one-half to 
two hours. He has described in detail the anatomic background and 
the technique employed to produce peridural anesthesia. 

The Rectal Use of Evyntl . — 

The rectal use of evipal has been recommended bj^ a surprisingly 
great number of ■writers: Gwathmey (1936, 1937, 1939), McNellis 
(1937), Hogan (1937), Soresi (1937), Harrison and Dunphy (1938), 
Meana and d’Accinni (1938), Weinstein (1938), and Jones (1938). 

There are two main routes of administration for nonvolatile agents 
for general anesthesia — the veins and the rectum. Some agents, such 
as avertin, can be introduced only through the rectum. But in tlie case 
of the barbiturates, many can be introduced directly into the blood 
stream. The recommendations of these papers, that the barbiturates be 
introduced rectally, raise the question of the relative controllability of 
these two routes of administration. 

Several points are pertinent to such a consideration : 

1. Once an agent is placed in the rectum it is nearly impossible to 
recover it after it begins to exert its normal action or to give toxic 
effects. While high colonic enemas may be tried in an endeavor 
to wash it out, the fact is that such action may sweep the offending 
agent higher in the bowel and allow even more rapid absorjition with 
greater toxic effects to follow. 

2. Hven though a solution of given volume mny be injected into the 
rectum at a standard .speed, it is impossilile to say to what height it 
will travel up the bowel. There are a number of reasons for this. 
1 here is no need to point out how uncertain cleansing of the bowel 
may be as a result of routine enemas. The height to which an 
anesthetic agent will rise on being placed in the rectum is determined 
in large part by the fecal content of the bowel. Other factors active 
in regulating height (and impossible of accurate evaluation) are tone 
of the bowel, peri.stalsis, and anatomic anomalies. Using a dilute 
barium solution under exactly the same conditions as avertin is used, 
Kcbening found on roentgenographie examination that in two patients 
tlie entire colon including the cecum was filled; in two the midaseending 
colon was reached; in four the hepatic flexure was attained; and in 
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four tlie niidtransverse colon, in seven the splenic flexure, and in one 
patient only the rectosigmoid junction Avas reached. 

3. It is Avell known that the toxicity of the nonvolatile anesthetic 
agents depends to a great degree upon their rate of absorption. With 
some of the agents, as Avith sodium barbital, Avhile the blood level is 
rising as a result of absorption, it may be counterbalanced by excretion 
through the kidney and a safe blood IcA'el may thus be maintained. 
In other cases, as Avith the fast-acting barbiturate, CAupal, a safe blood 
IcA^el depends in great part upon Ih'er destructioiA concomitant AA’ith 
absorption. An abnormally rapid rise in the absoriJtion rate, hoAvever, 
easily upsets the balance experience has taught is safe, and serious 
toxic effects folloAv. The higher agents traA^el up the bowel, the more 
rapidly they AAdll be absorbed. 

4. The foIloAving statement, then, seems to be a reasonable one. 
If Ave cannot effieientl}" remove an agent once it is placed in the rectum, 
if Ave cannot control the height to Avhich a solution injected into the 
boAvel Avill rise, then it folloAvs that Ave cannot control the rate of 
absoi-ption. In other Avords, Ave cannot accurately control the toxicity 
of nonvolatile agents used rectall 3 ^ If an agent can be used in- 
travenously there is no reason to resort to the relatively inaccurate 
and unsafe rectal route. One AA’onders if the defenders of the rectal 
route of administration of the barbiturates are prepared to claim 
that there is any magic in the route of absorption. The implication 
is inescapable in some of the papers referred to that rectal administra- 
tion prolongs the action of the drug! The rate of administration can 
be precisely controlled through intraAmnous drip methods, and if toxic 
signs appear, the admiziistration can be curtailed immediately. It seems 
eAudent that such a method is more desirable than one Avhich cannot 
be controlled precisely. (Beecher, 1939.) 

Also pertinent to this revicAv is the folloAving discussion of the 
article by Werner, Pratt, and Tatum (1937). 

When each of seAmral agents is destroyed by the body at a differing 
rate, roiite of administration must loom large in considering dosage. 
For example, these Avorkers have shoAvn that the order of decreasing 
toxicity of a number of barbiturates administered bj^ vein is not the 
same as the order of decreasing toxicity by rectum or by gastric tube. 

When the minimum lethal dose ratio (intravenous to oral adminis- 
tration, 1 :0) is compared for a number of barbiturates Avith the dura- 
tion of action, it also becomes plain that a high M.L.D. ratio is asso- 
ciated Avith brief action Avhen administered intravenouslJ^ To put 
it another Avay, as duration of action increases from one compound 
to 'another, the toxicity ratio decreases. A high ratio (1 :0) indicates 
t detoication occurs rapidly. The studies just described Avere 
ft on A’alues found in rabbits, and they cannot be casually trans- 

base up likely, liOAAmA-er, that the principle Avould apply 

f erred to man. 
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Table VIII 


Comparison of the^M.L.D. Ratio to Deration of Action 


AGENT 

M.L.D. KATIO* 

I to 

DURATION IN MINUTES 
OP ACTION 
(60% M.L.D. INTRA- 
VENOUSLY) 

Pentothal 

1:17 

28 

Evipal 

1:15 

42 

Thio analg. of amytal 

1:15 

45 

Alkyl secondary — butyl 

1:8 

97 

tliiobarbituric acid 



Nembutal 

1:6 

130 


M.L.D. = dosage of drug in mg. per kg. which kills 50 per cent of the animals 
(rabbits). 

*In round numbers (Werner et al. [1937]). 


in both eases, and one would expeet that, if the very short-aeting 
barbiturates are to be used orally, the variation between satisfaetory 
intravenous and oral doses will be even greater than when the longer- 
acting agents are used. 

Doses of various barbiturates used for production of similar periods 
of narcosis by oral administration must be inversely proportional to 
the duration of action obtained on intravenous use. This indicates that 
certain hazards will be introduced if any attempt is made to employ 
the very fast-acting barbiturates by anj^ route which allows the situa- 
tion to be complicated by the absorption factor, as it is in oral or rectal 
administration. The very fast-acting barbiturates are destroyed so 
rapidly in the body that, if they be used orally or rectally, the time 
leciuired for absorption delays entry so that relatively large doses 
must be used. Individual variations in absorption rate render such 
practices dangerous. So it seems doubtful if the very fast-acting 
harbiturates can ever l)e used safely except by vein; at least, the 
slow routes of absorption are unpromising as long as the toxicity of 
these substances remains as high as it is. The very short-acting 
harbiturates when used by vein should, other things being equal, be 
■safei- for intravenous use than are the slmver-acting ones. This is so 
because the very fast-acting agents are characterized by rapid induc- 
tion, a rapid appearance of the maximum effect, and a rapid destruction. 
Ihis permits a more precise control than is obtained with the slower- 
acting barbiturates. 


U is iiitoresting to observe that the ratio of the minimum lethal 
dose to the minimum hypnotic dose is similar for each of the five 
iiarhiturates studied here. The ratio is of the order of 5. 

Anrsthesia for Thoracic ^arf/ertj. 

Kveusole and Overholt (193G) have pointed out that patients who must 
imdevgo Ihoraoie surgery are often poor risks from the anesthetist point 
of v.ew. Sufienug from protracted illno.ss and long periods in bed 
they may he m poor general condition. This group tolerates even slight 
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degrees of anoxia poorly. The absorptive siu'face of the lungs is 
reduced by the lesion. Abnormal quantities of mucus and pathologic 
secretions bathe the tracheobronchial tree. Coughing may be fre- 
quent. When the patient is placed upon the operating table, the good 
lung is down and its functioning volume is reduced by the weight of 
mediastinal organs and l)y a high diaphragm on the underside. It is 
cramped by the position of the patient and by supporting pillows. 

It is generally agreed that local or regional anesthesia is satisfac- 
tory for drainage of empyema, Ihoracotoni}'- for lung abscess, and 
for closed pneumolj’-sis. 

A detailed list of advantages and disadvantages of common agents 
is presented. 

Beecher (1938) has considered the hazards to be overcome in de- 
termining the best choice of anesthetic agent and of anesthesia proce- 
dure in the difficult group of cases requiring surgery through the open 
chest. The chief hazards which the plan of anesthesia should be 
designed to overcome are : (1) obstructing secretions and bipod in 

the airway; (2) troiddesome reflexes, including cough; and (3) anoxia 
and circulatory strain. 

Secretions or foreign material in the airway not only obstruct, but 
when sprayed over the good lung tissue may cause pneumonitis. Secre- 
tions and blood mx;st be controlled, and they can be controlled through 
postural drainage before and duriiig operation. The oixeration is 
carried out with the patient in the head-down position. Aspiration 
of the bronchi, as indicated throughout the oixeration, can also control 
secretions and blood. This necessitates the use of an intratracheal 
tixbe which should be inserted as soon as possible after induction of 
anesthesia. Cocainization of the phaiynx is unnecessary for this proce- 
dixre in most cases and adds to the hazards. The insertion of an intra- 
tracheal tube under local anestliesia (before general anesthesia is in- 
duced) may be justified if the sputum is vei-y profuse. At certain 
periods during oixen chest operations, routine aspiration through the 
intratracheal tixbe should be eari-ied out whether or not secretions can 
be heard in the airway. Notably, this should be done when the patient 
is turned on his side following induction and intubation, just after the 
pleura is opened, when the diseased lung tissue is mobilized, when the 
tourniquet about the lung stump is released, and at the end of opera- 
tion before removal of tlie intratracheal tube. Finallj^, the liberal use 
of atropine in gr. )4oo to gr. doses given subcutaneously will help 
minimize the formation of troublesome secretions in the airway. 

TroxMesome Be flexes: Cough is nonnally initiated by local irritation 
in the air passages. The reflex can be set up bj’- sui-gical irritation of 
the afferent vagal fibers in the pleura. Efficient cough requires a closed 
<rlottis and intact chest wall so that intrathoraeic pressure ma}’^ be built 
Efficient cough is impossible during open chest operations, not only 
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because of tbe impossibility of building iip a relatively high positive 
pressure, but also because of tbe unfavorable position of the patient 
during this type of surgery. It has long been recognized that cough has 
a spreading action as ivell as expulsive action. When a person attempts 
to cough Avith an open chest, he produces a sudden herniation of the 
lung through the orifice; coincident with this there maj’- be a spread 
throughout all parts of the lung of infectious or irritating material that 
may be in the airway. Since cough has a spreading action, it is of 
great importance to keep the airway free of infectious material. Cough 
during thoracic surgery dangerously increases the technical difficulties of 
the procedures undertaken. It is a mistake to preserve the cough reflex 
in this group of eases during operation. The anesthetist, not the patient, 
should assume the responsibility for maintaining free air passages. 

Reflexes producing troulilesome consequences are particularly likely 
to be set up by surgery at the hilum. Vagal stimulation occurs, lead- 
ing to an irregular, jei’ky type of respiration interspersed ivith sudden 
periods of apnea, and the heart rate is slowed. 

These troulilesome reflexes can be minimized by the use of atropin, 
since this drug frees the vagus. At times it will be necessary to inject 
procaine directly into the vagus, as well as beneath the parietal pleura 
over an area about 15 cm. in diameter surrounding the pleura. Occa- 
sionally it will lie necessary to eliminate the movements of the 
diaphragm on the side of the operation by injection of procaine di- 
rectly into the phrenic nerve. 

Anoxia and Circulatory Strain: The body’s normal oxygen supplj’^ is 
hindered by obstnietion of the airway and by the open pleura. The 
latter allows, as a result of the action of atmospheric pressure in the 
open chest and the respiratory movements, suunging of the mediastinum. 
Not only does this limit the aeration of the contralateral lung, but it 
gives rise to reflexes v'hich probably arc responsible for a fall in blood 
pressure. The open pleura interferes, then, not only with the intake 
of oxygen but with its distribution as \vell. 

Several factors operate to reduce the circulating blood volume. In 
warm weather sweat loss is a factor. Pleural and mediastinal reflexes 
arc important in the reduction of the volume of circulating blood. Also 
important are the circumstances which tend to produce shock, such as 
prolonged surgery and chilling. The heart is .subject to great strain 
due both to direct pressure during the surgical manipulation and to 
anoxia. Generally this circulatory strain is latent and becomes ap- 
parent only if the patient is improperly handled at the end of the 
operation, as. for example, in careless, abrupt changes of position. 

Anoxia produced as described above can be combatted in a number 
of ways. Atrotnn veduce.s the troublesome reflexes and diminishes the 
quantity ol mucus and saliva formed. A closed anesthesia .sy.slem and 
an intratracheal tube allow the administration of a constant hinh per* 
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degrees of anoxia poorly. The absorptive surface of the lungs is 
reduced by the lesion. Abnormal quantities of mucus and pathologic 
secretions bathe the tracheobronchial tree. Coughing may be fre- 
quent. When the patient is placed upon the operating table, the good 
lung is down and its functioning A'olume is reduced by the weight of 
mediastinal organs and by a high diapliragm on the underside. It is 
cramped by the position of the patient and by supporting pillows. 

It is generally agreed that local or regional anesthesia is satisfac- 
tory for di‘ai 2 iage of emijyema, tJioraeotoznj^ for lung abscess, and 
for closed pneumol 3 ’'sis. 

A detailed list of advantages and disadvantages of common agents 
is presented. 

Beecher (1938) has considered the hazards to be overcome in de- 
termining the best choice of anesthetic agent and of anesthesia proce- 
dure in the difficult group of eases requiring surgeiy through the open 
chest. The chief hazards which the plan of anesthesia should be 
designed to overcome are: (1) obstructing secretions and blood in 
the airway; (2) troublesome reflexes, including cough; and (3) anoxia 
and circulatory strain. 

Secretions or foreign material in the airway not only obstruct, but 
when sprayed over the good lung tissue may cause pneumonitis. Secre- 
tions and blood must be controlled, and they can be controlled through 
postural drainage before and during operation. The operation is 
carried out with the patient in the liead-dowji position. Aspiration 
of the bronchi, as indicated throughout the operation, can also control 
secretions and blood. This necessitates the use of an intratracheal 
tube which should be inserted as soon as i^ossible after induction of 
anesthesia. Cocainization of the pharynx is i^nnecessary for this proce- 
dure in most cases and adds to the hazards. The insertion of an intra- 
tracheal tube lender local anestliesia (before general anesthesia is in- 
duced) may be justified if the sputum is veiy profuse. At certain 
periods during open chest operations, routine aspiration through the 
intratracheal tube should be carried out whether or not secretions can 


be heard in the airway. Notably, this should be done when the patient 
is tui’ned on his side following induction and intubation, just after the 


pleura is opened, wAen the diseased lung tissue is mobilized, when the 
tourniquet about the lung stump is released, and at the end of opera- 
tion before removal of the intratracheal tube. Pinallj^ the liberal use 
of atropine in gr. Yioo to gr. closes given subcutaneously will help 
minimize the formation of trouble.somc secretions in the airway. 

Troublesome Beflexes: Cough is normally initiated by local irritation 
■ the air passages. The reflex can be set up by surgical irritation of 
afferent vagal fibers in the i)lciu‘a. Efficient cough requires a closed 
1 tt‘ and intact chest wall so that intrathoraeic pressure may be built 
" ° Efficient cough is impossible during open chest operations, not only 
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Two hundred and twenty-six patients (Coryllos and Bass [1939]) 
received avertin (average dose, 60 to 80 ing./kg.); with two deaths 
directly attributable to the ai'^ertin, according to the authors. Four 
deaths occurred the day of operation in this group. 

The use of evipal anesthesia in 200 thoracoplasties is described by 
Coryllos and Bass (1936). In these 200 eases the average initial 
.systolic pressure was 123 mm. Hg, and the avei’age minimal systolic 
pressure was 76 mm. Hg. In thirty patients the initial fall in blood 
pressure was so great that the systolic pressure could not be elicited 
at the arm. The authors refer to the “favorable results” of this tj’^pe 
of anesthesia for thoracoplasty, higher praise than most anesthetists 
would be willing to grant. 

Gurd, Vineberg, and Bourne (1938, 1939) describe their experiences 
with the use of spinal anesthesia for thoracoplasty. They harm treated 
forty-two patients under spinal anesthesia. They have had two deaths 
in the operating room and three other bad scares, all of which are 
attributed to the anesthesia. It is surprising to find, notwithstand- 
ing this experience, that the general tone of the paper gives favorable 
consideration to this tjqie of anesthesia for these cases. It is also 
siu’prising to find the statement that the 3 '’ have not noted phrenic root 
paralj-^sis with interference with functioning of tlie diaphragm, sur- 
prising when the paper mentions two deaths and three bad scares. 
The only case described in detail is one typical of this latter group ; ' 
respiratoiy and cardiac failure both occurred here. Also, “less bleed- 
ing” accounted for bj" a drop in blood pressure would searcelj’- seem 
to be an advantage. This paper hardly raises the reviewer’s enthu- 
siasm for spinal anesthesia for thoracoplasty. 

Newton (1935) has used spinal anesthesia in twenty-eight consecu- 
tive thoracoplastj^ operations. He advises its use in selected cases, in 
patients “with mental poise.” He states that in patients under spinal 
anesthesia he sees less shock than in jjatients under nitrous oxide, local 
and avertin. Possibty so, but neither of these choices seems desirable 
to this reviewer. 

Bundy, Tuohy, Adams, and llousel (1939) advocate the use of spinal 
anc.sthesia for lobectom.v and total pneumonectomj^ because “the 
patient is able to cough and raise mucus.” Thej' also claim that its 
use reduces tlie danger of i)ostoi)crative ijneumonia or infection of 
the good lung with mucus from the affected side. Tlie reviewer dis- 
agrees with this. An efficient expulsive tj'pe of cough is not possible 
with the chest wall open. A cough with the chest open, when the air- 
way contains irritating, infectious material, is likeh’ to spread the 
simtum and it increases the danger of postoperative pneumonitis. 

Burnett (19.17) describes the use of local anesthesia for a one-stage 
pneunioncetoniy. “ 

A good deal has been written (cf. Burford [B93S]) about sudden 
massive collap.se of one or both lungs during anesthesia, followed by 
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eentage of oxygen and tlic use of positive pressure anesthesia whenever 
it is needed to inflate collapsed portions of the lung, to restore or main- 
tain a good blood eolor, or to aid in stabilizing the mediastinum. The 
head-down position promotes drainage; it perhaps minimizes the possi- 
bility of cerebral emboli, and it aids in maintaining an abundant blood 
supply to tlie vital centers. Intravenous fluids, blood in particular, 
sustain the circulating blood volume notwithstanding the tendency to a 
decrease in it during surgery in the open chest. Blood transfusion also 
counteracts the copious postoperative weeping of the pleura, with tlie 
consequeiit loss of, in many cases, 500 c.e. or moi’C of blood plasma. 

Choice of an Anesthetic Agent: The choice is considerably limited 
by the exacting requirements of this gi-oup of cases, as outlined above. 
Ether seems to fit the requirements best, beearise of the high oxygen 
percentage one can use with it, the tolei’anec of the circulator.y system 
for it, the low toxicity of the agent, and, finally, its low mortalit 3 ^ The 
use of avertin for these cases is not desirable because of its depressant 
action on the respiration and circulation and its high mortality. Cyclo- 
propane cannot be unreservedly accepted, chiefl.y because of its to date 
inadequatelj’' eyaluated toxic cardiac effects. Spinal anesthesia, pre- 
ferred by a few intrepid surgeons, violates all of the requirements out- 
lined at the beginning of this paper and is not suitable for this group of 
cases. 


Various Agents: Kovenstine (1936) describes the use of intra- 
bronchial tubes for open chest surgery. 

Coiyllos and Bass (1939) desexnbe the use of several anesthetic agents 
in 1,370 cases undergoing thoracic surgery, chieflj’- thoracoplasties. Thr'ce 


hundred e.yelopropane anesthesias were administered to this group. 
The.y report that “in many cases there was a marked drop in blood 
pressrrre with coincident shock as soon as the mask was removed at the 
end of operation.’’ Thej^ believe that bleeding is increased rrnder 
this agent over that of other agents. The most arresting information 
contained in their paper is the report that they encountered five cases 
of generalized convulsions and three others with localized muscular 
tw'itchings in 300 cjmlopropane anesthesias for thoracic surgery. These 
led to death in three cases. In comparison with this, thej^ refer to 
1 600 previous thoracic eases, with only one conmilsion. In the 300 
cases under cjmlopropane, ten died twenty-four hours or less after 


operation, one patieirt dying drrring induction. 

Brown (1938) states that ether is contraindicated for use in pul- 
monary tiflicrculosis. His statement is based upon its use in ten opera- 
tions for treatment of pulmonary tuberculosis. The reviewer takes 
strono- exception to this .statement, liased upon a five-year experience 
t the IMaSsachusetts General Hospital where several hundred thoraco- 
fes have been carried out under ether anesthesia, with excep- 
tioirally satisfactory results. This material is being prepared in 
detail for publication. 
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of tetanus in man. However, statistical analysis of the data presented 
indicates that the differences between the control and the anesthesia 
groups are not significant, except in one (out of four) cases in which 
the differences shown are possibly significant but not clearly so. More 
data might substantiate Piror’s statements; those presented fail to 
do so. 

Anesthesia in the Treatment of Tetanus . — 

Cilia (193S) has successfully treated a ease of advanced tetanus with, 
among other things (wound siu’gieally cleaned, antitoxin, hydrogen 
peroxide in the wound, etc.), avertin anesthesia (four rectal injections 
on four successive days, SO mg. per kg. at first, then 60 mg./kg.). 
Potassium bromide and chloral were also used. 

0 ’Farrell (1938) describes one patient with advanced tetanus who 
recovered following prolonged pentobarbital anesthesia (as well as 
specific treatment). 

HAZARDS AND COMPLICATIONS OF ANESTHESIA 

Reports of Postoperative Pulmonary Complications . — 

If one were to judge from the- many papers written on the subject, 
it would seem that a major occupation of anesthetists was the com- 
pilation of statistical studies regarding the incidence of postoperative 
pulmonai'y complications under various agents. The chief interest of 
such studies appears to be centered in demonstrating that the newest 
agent occasions the lowest number of postoperative pulmonary complica- 
tions in comparison with the longer used agents. One’s faith in the value 
of such studies is considerably weakened by finding that what purport 
to be statistical analyses have in all but a very few eases failed to take 
into account the most rudimentaiy requirements of statistical analysis. 
The easualness with Avhich many -writers undertake statistical analjmes 
does not alter the fact that such matters are involved, time-consuming, 
and utterly valueless unless the fundamental laws of statistics are 
observed. Unhappily, statisticians and their statistics are looked upon 
with suspicion by the rest of the world. To be sure, statistical meth- 
ods ai'c not a substitute for common sense; on the other hand, some 
use of such methods is necessary if common sense is to be pre.served 
in the handling of quantities of data. 

Whenever this reviewer is confronted with a new scries of data 
which tends to show tliat one ane.sthetic agent is followed by fewer post- 
operative inilnionary complications than another, several questions 
come to mind. If the anesthetic agent is of considerable importance 
in this regard, why is it that men are found to have many more of 
these <'omplieations than women? The ratio varies from study to 
study, hut the incidence is usually .staled as from two to four times 
greater in men than in women. Every one is agreed, it seems that 
npi>er abdominal o]mrations are followed by a very much higher in- 
eidenee of poslojterativc pulmonary complication than are lower 
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death of the patient. Naturally, death is to be expected if both lungs 
remain collapsed. It is difficult for this reviewer to accept the often- 
made statement that the sudden massive collapse of one hmg is to be 
followed by death. In several hundred 0 ])en chest explorations at the 
Massachusetts General Hospital the sudden massive collapse of one 
lung has 2 iot resulted in harm, and this with the activity of the good 
lung ham^^ered bj^ being on the underside. No portion of lung which 
is to be saved is allowed to remain collapsed duriiig operation for more 
than about fifteen minutes, for if this time is exceeded the collapsed 
portion niaj’’ become seriously edematous. Edema has been observed 
to develop while such collapsed portions were watched. 

The breathing of an abnormally high percentage of oxygen during 
anesthesia will lead to collapse of peripheral portions of lung in un- 
vcntilated regions. During periods of hypoventilation the proportion 
of unventilated and jjrohably collapsed I'egions may assume important 
proportions. Accordingly,- it seems desii'able to use a little positive 
pressure — not more than 8 or 10 cm. ILO for two or three minutes 
every fifteen minutes — when using a high concentration of oxygen in 
the gases inspired. This, of course, will not overcome the collapse due to 
plugged broirchi. Bronchial aspiration or bronchoscopy may be required 
to overcome this if moving the patient or coughing is not adequate at 
the end of operation. Otliers have attacked the problem by adding 
'inert gases, such as nitrogen or heliinn (loc. eit.). In unpiiblished 
experiments in dogs Beecher found that onlj^ a few breaths of room 
air were svrffieient to eliminate the danger of pulmonary collapse when • 
the respiration was checked at aboiit the time the animals were breath- 
ing high oxygen mixtures. 

Anesthesia for Diabetic Patients . — 

Hale and Tovell (1938), in considering the choice of anesthetic 
agents and method.s for diabetic patients, conclude on the basis of ob- 
servations of 279 anesthesias in 244 patients that the common anes- 
thetic agents may properly be used in diabetic patients, providing the 
diabetes is carefully controlled pre-and postoperatively, and providing 
long surgical proeediu’cs or large quantities of ether are avoided. It 
is very important to avoid anoxia. 

Wilcox and Tovell (1939) have more recently considered this sub- 
ject. 

Firor, Lament, and Shumaeker (1940), iji a study of the cause of 
death in tetajms, observed in dog.s with general tetanus that tlie injec- 
tion of a usually safe close of nembutal would kill the animal in a 
short time. They also observed that, when tetanus toxin was given 
intravenously, the administration of enough nembutal or avertin to 
eoinmlsi'ons shortened life. While such observations must oh- 
1 be transferred to man only with great caution, Firor’s reports 
vmus y ^ etiallengc to a heretofore accepted part of the therapy 
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that the type of postoperative pulmonary complications found after 
gastric surger}', for example, are very unusual in this group. Emphasis 
on duration of anesthesia may in the future he shoAvn to he justified ; 
at the present time emphasis on other factors would seem to he equally, 
or even more, important. 

Convulsions and Brain Damage During Anesthesia . — 

Convulsions: In the past dozen 3 ’^eai’s or so, increasing reports of 
concisions during anesthesia have been appearing in the literature. 
This certainly does not mean that the phenomenon was unknown 
before 1927, when the first reports were made, but it is one more 
example of the value of calling attention to a morbid process: once 
desci'ibed, many reports appear. A telling commentary on the con- 
fused state of our knowledge of this occurrence is offered by a glance 
at the numerous and conflicting suggestions as to etiologj^ (cf. 
Beecher, 1938). Nearly as manj’- suggestions as to cause are offered 
as there are writers on the subject. Most of the papers are based 
upon speculation. Their value lies chiefly in their case reports, for, 
in viewing these reports as a Avhole, certain fairlj>- constant features 
stand out. These offer a working description, as far as it goes, of the 
phenomena. A typical conAUilsion is described as usually starting Avith 
tAvitchings of the face. These quickly spread and soon inAmlve the 
entire body in clonic conAuilsions AA^hich last from a feiv minutes to 
several hours. In the latter ease they generally terminate in exhaus- 
tion, cireulatorj’- failure, and death. Children or jmung adults appear 
to be most often attacked. The case record often contains the state- 
ment that respiratorj'" difficulties have preceded the onset of the 
process. Respiratorj'- failure may occur during the convulsions. 

Lund}^ (1937) has tabulated 144 cases, chieflj' from the litei’ature. It is 
evident that couAuilsions occur under several anesthetic agents. The 
term “other commlsions” is misleading. 

Brief references to a number of other recent conAuilsions during 
ane.sthesia folloAv. ChadAAdck (1936) refers to a case of “ether eon- 
Auilsions” successfully treated by intravenous CAupal, as do Dodd 
(1937) and Tajdor and Goldman (1938). Hunt mentions (1938) 
evipal in the control of convulsions from novocain. Shackleton (1937) 
reports tAvo cases of convulsions during anesthesia, an ethyl chloride- 
ether sequence. IMenncll (1937) reports “ether conAuilsions” occurring 
tAvice in the same patient. Human (19-37) reports a convulsion during 
nitrous oxide-ether ane.sthe.sia. CartAvright (1937) discusses muscular 
tAviiches during anestliesia as a i-esult of anoxia under nitrous oxide 
and other agents, and as a re.snlt of poor muscular relaxation AA’ith 
muscles under tension, and finallj* discusses “ether coimilsions.” He 
rei)orts nine eases occurring under several agents. The temperatures 
rose to 109° }•. Daly (1937) reports tAvo “ether couAuilsions. ” Thierrv 
(1938) has collected a number of anesthesi.-' convulsion eases from 
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abdominal operations. If the anesthetic agent plnj'^s any considerable 
role, why is this so? The condition and sex of the patient, the dura- 
tion and depth of the anesthesia, aiid the operation have all been shown 
to be important factors. Surprisingly often, observers have reported 
the same general incidence of complications following a given opera- 
tion (until like conditions) under general, local, or spinal anesthesia. 
If the anesthetic agent itself is of much imjiortanee, these studies must 
be in error. Both points of view cannot be correct. Where the truth 
lies is uncertain. It will searcety be revealed by the typical study 
of the matter to be found in the literature. 

As far as pulmonary eom]ilieations are concerned, comparison of 
postoperative results in one hospital with those in another is a hazard- 
ous and uncertain procedure of highly questionable value. Certain it 
is that none but the most i-emarkable difference needs cause any com- 
ment. Instructive comparisons are rare. In the ease of postoperative 
pulmonary complications, the general experience has been that, when 
complications are looked for in succeeding years, the number found 
is directly proportional to the interest and duration of the study. 
Type of patients, housing conditions, and the abilities of the surgeon 
and anesthetist all vary, so that comparison of results is probably of 
little value. 


Dr. Waters (1936) wisely summed up the matter wdien he said, "I 
think the teaching imefulness of records is to the man who keeps the 
records rather than to others in general.” 

It is sometimes stated that the duration of an operative procedure 
greatlj^ influences the incidence of postoperative pulmonary com- 
plications, and ymt there are many reasons for questioning the role 
of duration per se. However, prolongation of deep anesthesia, like 
other procedures which greatly^ tax the patient, is probably important 
in increasing the incidence. For example, few major respiratory 


complications occur following obstetric and gynecologic operations. 
Many gynecologic operations last a very long time. It seems nearly 
impossible to this reviewer to dissociate the factors which require the long 
operation, the blood loss incidental to it, the traumatic reflexes, the 
tissue damage which may accompany operation, the prolonged anes- 
thesia, and often the long operations mean the surgeon was in trouble, 
and many other factors, all of which probably play a part in de- 


termining the average higher incidence of postoperative pulmonary 
■complications following long operations. Duration of ane.sthesia it- 
self mav not be of so much importance as other specific factors whicli 
operate* during the time recorded. Such data may give a false im- 
■ession of the advantages to bo gained by speed. The uniformly 
loimcst operations at the Ma.s.sachusefts General Ilosjubal are those 
involve surgery in the open chest. After several hundred such 
Cmnst” carried out under ether ane.sfhe.sia). if ean be .said 

operations 
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The damage to tlie brain in the four eases appeared to be due to 
nerve cell deprivation of oxj^gen. 

Henson (1937) refers to a delayed depression which resulted in 
death following the use of cyclopropane for a herniorrhaphy. 

Lowenberg and Zbinden (1938) report further cases of brain damage 
under nitrous oxide anesthesia. Thej^" continue to attribute the damage 
found to a specific toxicity of nitrous oxide rather than to accompany- 
ing anoxia, and their arguments for this continue to be unconvincing 
to this reviewer. 


Considerable debate has occurred as to whether the brain damage 
sometimes found after nitrous oxide administi’ation is in tnith due to 
accompanying anoxia or to a specific toxicity of the anesthetic agent. 
Pertinent here is a brief comparison of the effects of nitrous oxide and 
a simple asphj^xial gas like nitrogen (Courville, 1938) : (1) Under 

nitrous oxide the pulse is more rapid (the cardioinhibitory mechanism 
is less effective) ; (2) convulsiim movements are less apparent under 
nitrous oxide, perhaps as a result of depression of motor nerve cells ; 
(3) respiration fails sooner under the anesthetic agent, due to a specific 
depressant action on the respiratory center. Nitrous oxide produces 
depressant effects which disappear when nitrogen is substituted for 
it. Unquestionably, nitrous oxide has a true anesthetic eft’ect. It is 
well known that true nitrous oxide anesthesia can be produced in many 
eases only at the lower limit of adequate oxygen supply. That this 
limit is often exceeded is demonstrated by the frequencj^ with which 
cyanosis appears before true anesthesia can be produced. The zone 
under consideration is a borderline one, and it is accordingly difficult 
to reach a reasonably certain conclusion as to wliether specific action 
of the nitrous oxide or asphyxia is responsible for the accidents re- 
ported. The evidence appears, however, to incriminate the latter. 
Narcotics do not produce structural changes in nerve fibers or inter- 
stitial elements; on the other hand, any or all structures show 
morphologic change following asphyxia. The similarity of the lesions 
found (including nerve cell damage) following the accidents to those 
lesions known to be produced liy asphyxia support the asphyxia hypotli- 
esis. Wlien patchy necrosis is found in the brain, it is like that which 
appears following oxygen shortage. Such areas of necrosis have not 
been observed as a re.sult of toxic action of narcotics without anoxia. 
Degeneration of the lenticular nucleus is commonly produced by 
asphyxia but not directl 3 ’' bj- narcotics. Such degeneration is common 
in these cases. It seems safest to conclude that the cerebral damage 
is the result of asphj’xia rather than of a direct action of the anesthetic 
agent. 


It must be recognized that 
age may vary widely. Lack 
absence of a.spliyxia of fatal 


the mechani.sms producing ox.vgen short- 
of cyano.sis does not necessarily mean the 
degree (ef. anemia, or localized anoxia 
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the literatiu’e and has presented one of her own. Dodd (1939) thinks 
atropin responsible for "ether coimilsions," repoi-ting four cases. 
Gitlin (1938) reports a convulsion in a patient under nitrous oxide- 
ether anesthesia. An "ether convulsion" treated Avith calcium is 
described by Steel (1939). He also administered in therapy of the 
comnilsion 35 per .cent CO,, later reduced to 17 per cent. There was 
recovery notwithstanding the high CO„ inspired. Smith (1938) has 
attempted to shoAv that a Amriety of complications during and after 
operation, including "late ether conA'^ulsions, " may arise tlirough de- 
rangement of the heat-regulating mechanism of the body, occasioned 
by OAmrheating. He reports three cases of conAUiIsions during anes- 
thesia. PostconAuilsive temperatures are given. Pinkerton (1988) re- 
ports one case of convulsions during anesthesia, an ethyl chloride-ether 
sequence. He reports postconAurlsion rise m temperature, but the tem- 
perature had been elcAmted preoperatiAml}’'. 

BradshaAv (1939) reports a couAUilsion during anesthesia and in- 
cludes data on ether kept and analyzed at Aveeklj'’ periods for a year. 
Tests for aldehyde, peroxide, and acid Avere made during this period. 
Only one sample shoAved a positive test (aldehyde), and that after 
ten months. 

Griffith (1938) reports a conAudsion during cyclopropane anesthesia. 
The convulsion appeared forty minutes after nasal packs soaked in 
nupercaine had been inserted and may have been due to this agent. 
The conAuilsion Avas controlled by intraA'enoiAS sodium amytal. 

One convulsion during cyclopropane anesthesia has occurred at the 
Massachusetts General Hospital. This Avas checked by intravenous 
sodhnn phenobarbital. (See also the case of Gebauer and Coleman 
[1938], referred to beloAV.) 

The extraordinary results of Coryllos and Bass (1939) are arresting. 
They encountered fiAm cases of generalized convulsions and three 
others Avith localized mAiscular tAvitehings in 300 cyclopropane anes- 
thesias for thoracic surgery. These coimilsions Avere foIIOAved by 
death in three eases. In comparison Avith this, they refer to 1,600 
previous thoracic cases under other anesthetics Avith only one con- 
AUilsion. 

Encephalopathy : Steegman (1939) reports four cases of encephalop- 
athy follondng anesthesia, tAvo after nitrous oxide, one after avertin, 
and one after cyclopropane, preA'iously reported elsewhere. The cjmlo- 
propane case (Gebauer and Coleman [1938] ) Aims that of a young ivoman 
Avlio nnderu'ent a thoracoplasty for pulmonary tuberculosis. She Avas 
cyanotic foHoiving the operation, not during it. Convulsions appeared 
thirty-six hours postoperativcly. She had a hyperthermia and at post 
•tern exhibited acute ulceration of the urinary bladder, acute hemor- 
rhagic erosion of the gastric mucosa, and fatty infiltration of the myo- 
cardium. The brain was swollen. 
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subjects to the use of 6 or 9 per cent oxygen were such as to suggest 
that the jirolonged use of more than from 85 to 88 per cent nitrous 
oxide is unwise. 

In considering anesthesia for intracranial surgery, Brennan (1938) 
describes the rise in cerebrospinal fluid pressure in man (four patients) 
under avertin anesthesia. This may be due to accompanying respira- 
tory obstruction, perhaps to anoxia. Intracranial pressure sei’iously 
increases under ether, he finds. The use of a wide intratracheal tube 
is a great aid in reducing inti’acranial venous congestion. Cerebral 
A^enous congestion under nitrous oxide-oxygen anesthesia is usually 
due to inadequate oxygen, respiratory obstruction, or faulty position. 

Complications of Spinal Anesthesia . — 

Circulatory and Respiratory Depression During Spinal Anesthesia: 
The cause of the fall in blood pressure and the cause of respiratoiy de- 
pression during spinal anesthesia have been studied intensive^ recently. 
It has been considered that the primary fall in blood pressure during 
spinal anesthesia depends upon peripheral vasomotor paralysis.*^ 
Strong evidence supporting this has been obtained by studies which 
show the absence of this fall in pressure in syrapathectomized dogs 
and cats. For further information see Bacq, Bouha, and He 3 mians 
(1934), Wilson, Roome, and Grimson (1936), and Bradshaw (1936). 
Of course, the total fall in pressure is due not only to this mechanism. 

Several other mechanisms have been suggested as accounting for the 
fall in pressure bejmnd the level caused bj' peripheral vasodilatation. 
NoAvalc and Downing (1938) group these as folloAVS: 

1. Central anoxia seeondaiy to the peripheral vasodilatation. 

2. Central anoxia resulting from intercostal nerve paralj^sis and 
from paralj'sis of the phrenic nerve roots. 

3. Meclullaiy paral 3 ^sis following direct extension of the anestlietic 
agent. 

4. Central vasomotor and re.spiratoiy para] 3 'sis as a result of 
vascular absorption of the drug. 

In an effort to appraise the relative importance of indirect central 
effects due to primary periplieral changes as opposed to direct central 
effects, thc 3 " have undertaken a study of blood ga.ses. The 3 ' find in 
eats under spinal ancthesia and light ether anesthesia that, whereas 
the arterial oxygen is little depi-essed, a considerable reduction occurs 
in the venous ox 3 ’^gen. The 3 ' state that the increased arteriovenous 
ox 3 'gen dift'crence is easiB'^ compensated for unless the phrenic or 
medullaiy centers are depressed or paraB'zed. The validit 3 ' of con- 
clusions about spinal anesthesia drawn f?-oni this combination of 
ether and st>inal anesthesia seems open to question. The well-known 
effects of ether vipon the spleen and other blood reservoirs, its effect 
v\pon the heart muscle and respiration, etc., all seem to complicate the 
problem too much for definite conclusions to be reached. 

.Ilo«..vrr. tlK. nrticl.! l,j- Rovot.!=tlnc. and 


co-n-orkcT.'! (13.13). 
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as from localized iscliemia, efc.).- Asphyxia may he slowly and 
gradually accumulative, or it may be sudden through great obstruc- 
tion of the airway, rapid cessation of respiration, or swift cardiac and 
circulatory impairment. 

Abbott and Courville (1938) report a fatal case of severe degenera- 
tion of the globus pallidus following anesthesia. The authors con- 
clude, on the basis of this case and the great majority of cases they 
have seen following cai’bon monoxide poisoning, that the globus 
pallidus of the lenticular nuclei is the region of the brain most sensitive 
to the effects of asphyxia. They believe the asphyxia which may have 
accompanied the anesthesia to be responsible. 

It is inifortunate that this paijer caiTies the implication in its title 
that nitrous oxide anesthesia "was responsible for the accident, although 
on examination one learns that the patient received 6 grains of amjdal 
(? by mouth), followed by nitrous oxide, ethez*, and ethjdene. The 
paper contains the statement, “The damage to the brain was jn’obahly 
sustained during the period of eyanosis which began when ethylene 
was substituted for nitrous oxide.” It had been stated earlier, that 
“eyanosis was thought to be due to spasm of the epiglottis.” Grant- 
ing that anoxia appears to be the likely cause of the disaster, certainly 
no evidence is presented that nitrous oxide ought to be incriminated 
over the other agents employed. While the reviewer has no wish to 
minimize the great hazard of anoxia during nitrous oxide anesthesia, 
the current tendency to attribute all neurologic accidents to asphyxia 
accompanying nitrous oxide anesthesia when this ma}’^ be only one of 
several possible factors, is scai’cely reasonable. 

Fatal cerebral complications follozying nitrous oxide anesthesia in an 
obstetric patient are described by Brovm, Collins, and Vaughan (1938). 
The oxj'’gen percentage was, on occasion, allowed to get as low as 8. 

Ford, Walsh, and Jarvis (1937) z’eport the case of a young man who, 
following spinal, nitrous oxide and ether anesthesia with respiratory 
failure, presented grave brain damage. They suggest that anoxia alone 
may not be adequate to account for this damage, but that toxic action 
of the anesthetic agent plus asphyxia may be responsible. It seems 
unneeessary to postulate any cause other than anoxia in this ease. 

Much evidence is at hand to indicate that anoxia neeessarilj’’ accom- 
panies attempts to produce deep nitrous oxide anesthesia, if other 
depressant drugs have not been used. Bennett and Seevers (1937) 
have carried out experiments to find at what level anoxia contributes 
to the depressant action of nitrous oxide in normal men and whether 
or not anoxia produces a significant elevation of the sensory threshold 
for painful stinmli. They conclude that the oxygen intake must be re- 
el so low that the resulting- anoxia is liable to contribute to post- 
tive morbidity (cf. Courville) before a significant increase in 
or anesthesia occurs. The responses of the normal 

amnesia, anaigtsi^, 



RECENT ADVANCES IN SURGERY 


157 


Donald and Watkins have investigated the matter experimentally and 
have produced . vith the agent a t5'pical eauda equina sjTidrome (in 
cats) : paralysis of the bladder, sphincter ani, and tail, sometimes weak- 
ness of the hind limbs, and also impairment of sensation. 

Since the incidence in man is less than 1 per cent, for experimental 
purposes the dosage was stepped up to approximately five times that 
employed in man. Their experimental results (in eats) are shoum in 
Table IX. 

Table IX 


AGENT 

TOTAL 

NUMBER 

INJECTED 

NOT 

PARA- 

LYZED 

PARALYSIS 
OP BLAD- 
DER, ANAL 
SPHINCTER 

AND TAIL 

PARALY- 

SIS 

OP TAIL 

ONLY 

TOTAL 

NUMBER 

PARALYZED 

PER- 

CENTAGE 

PARALYZED 

Alcohol and 
glycerin 

23 

23 

~ 

- 

- 

“ 

Heavy duracaine 

23 

10 

9 

4 

13 

56 

Procaine 10 per 
cent (planocaine 
brand) 

10 

5 

2 

3 

5 

50 

Procaine 10 per 
cent (novocaine 
brand) 

23 

17 

4 

2 

6 

26 

Stovaine 5 per 
cent (Barker) 

10 

4 

■ 

C 

6 

60 


These results appear to demonstrate that the toxic agent is the procaine 
itself. The above figures do not, of course, establish any difference be- 
tween brands of procaine. The failure to produce a single case of 
paralysis following alcohol and glycei-in seems to rule them out as the 
toxic agent and also disposes of the idea that the condition results 
from needle traiuna. 

Table X (MacDonald and Watkins, 1938) is of interest. 


Table X 


Relation of Pkocaine-HCI Dosage to Incidence op Sysiptosis 


PERCENTAGE 

concentration 

2.5 

5.0 

10.0 

20.0 


NUMBER OF 

ANIMALS 

NUMBER SHOIVINQ 
SOME PARALYSIS 

PERCENTAGE 

PARALYSIS 

20 

0 

0 


2 

10 

50 

24 

43 

8 

4 



This studj% as the authors are aware, does not settle the matter 
of whctlier tlie addition of alcohol and glycerin enhances the toxic 
action of the procaine. 

From this study it is plain that, in the concentrations ordinarily em- 
idoycd in man, commonly used spinal anesthetic agents are toxic to 
animals’ nerve tissue to a serious degree. In man, however, their 
greater and more rapid dilution with cerebrospinal fluid prevents 
except in rare eases, such paralysis. When such paralysis does occur’ 
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Bonnycastle (1939) finds that the phrenic nerve roots in the spinal 
dural sac (of dogs) are paralyzed concentrations of procaine which 
are less than those the respiratory center can withstand. He has found 
that the respiratory center can withstand concentrations of procaine 
somewhat greater than 1 per cent. 

Shaw, Steele, and Lamb (1937) have studied the effect of spinal 
anesthesia upon the oxygen in the arterial and the venous blood (of 
dogs). They report an increase in the oxygen saturation of the arterial 
blood, a decrease in the oxygen content and saturation of the venous 
blood, and an increase in the arteriovenous oxygen difference; a 
stagnant type of anoxia was found to exist. 

CoTui (1938) emphasizes the danger of using CO, as a respiratory 
stimulant when much of the sympathetic nervous system is paralyzed 
as it is in spinal anesthesia. Here CO, has a special "toxicity"; it 
lowers blood pressure by increasing i^eripheral capillary dilatation. 
However, Smith, Eovenstine, Goldring, Cljasis, and Banges (1939) re- 
port that “in human subjects with spinal anesthesia iip to T3 or T2, 
and in whom all vasomotor reflexes other than those involving the 
head aird arms are demonstrably blocked, neither CO, nor anoxemia 
has any depressor action” upon the circulation. This needs further 
cheeking. 

CoTui points out that paralysis of the sympathetics checks adrenine 
secretion, and the loss of this may be responsible for some of the fall 
in blood pressure under spinal anesthesia. 

Bnrstein (1939) recalls the Avork describing hoAV a number of 
homeostatic mechanisms fail during high spinal anesthesia, in par- 
ticular CoTui ’s emphasis upon the loss of compensating Amsoconstric- 
tion Avhen a considerable segment of the spinal cord has been 
pai’alj’^zed ; Tournade and Schotte’s demonstration of paralysis of the 
adrenalin-secretory mechanism ; and pai-alysis of the sinoaortic mecha- 
nism as descriljed by Heymans. Burstein calls attention to the fact 
that dogs are imable to compensate for postural blood pressure changes 
during spinal anesthesia as they can before and after. This is scarcely 
surprising, in the light of the aboAm impairments. 

Neurologic Damage Following Spinal Anesthesia: While persistent 
paralysis of nerve roots foIIoAA'ing spinal anesthesia is probably a rare 
event in Avell-established clinics, its occurrence is a serious complication 
of anesthesia. Ferguson and Watkins have investigated a scries of cases 
in Avhich paralysis (cauda equina syndrome) has folloAved the use of 
spinal anesthesia in man. They report that such damage is particularly 
liable to folloAV the use of duracaine. Duracainc lieaA'y is said to liave 
•contained procaine HCl, planoeaine brand, gliadin, and glycerin in a 
/I'l te solution (15 per cent) of ethyl alcohol. Later gum acacia Avas 
' for the gliadin. Since considerable uncertainty attached 

^^-1 ich of the constituents was responsible for the toxic effects, jrac- 
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1. Errors of technique. 

A. Inaccurate iTOnctures. 

B. Faulty postural arrangement of the patient. 

II. Inactive solutions. 

III. Cord tumor, rarely. 

They report two eases in which three uneventful injections in eacli 
patient (pantocain us.ed most often) failed to produce more than an 
extremely small effect. The above three chief sources of error seemed 
to he ruled out. 

Tlie phenomenon of sensitivit 5 '’ to the agents used in spinal anes- 
thesia is well established. Perhaps true resistance .also exists and 
should be classified as an idiosyncrasy. However, when the reviewer’s 
“spinals” fail, he prefers to attribute the failure to shortcomings of his 
own technique. 

Thompson (1934) reports a ease in which spinal anesthesia for opera- 
tioir on a large tumor of the eauda equina was attempted. The injec- 
tion of 100 mg. of procaine into the lumbar subai’achnoid region, 
above the tumor, ijroduced a girdle of anesthesia above the le^ml of 
the tumor, yet complete sensation was retained in the operative field. 
These observations are of partieirlar importance because they support 
the assumption that drugs used in spinal anesthesia produce their effect 
l)y a blockade of impulses in the spinal root filaments rather than bj' 
a direct action on sensory fibers in the cord itself. 

ScnsiiivUy or Idiosyncrasy to Anesthetic Agents . — 

Giimori (1936), in reviewing many accidents under local anesthesia, 
divides tlie accidents into two rather distinct groups. In tlie first group 
he places the cases which present a true intoxication resulting from over- 
dosage. Here typical symptoms and signs are ; psychic excitation, mental 
confusion, transient palsies, violent clonic convulsions. Fatalities 
are uncommon in this group. The second group is composed of those 
cases which show hypersensitivity to the drug used. Analysis of cases 
tailing into the second group demomstrates that the quantity of the 
anesthetic used in the great majority of eases was extremely small; 
the concentration employed was well within .safe limits; safe quantities 
of epinephrine were used. Outstanding s.vmptoms and signs are 
anxiety. dizzine.ss, paleness with or without cyanosis, a clammy, cold 
skin, extremely feeble pulse, and often loss of con.sciousness; often 
muscular twitehings, even convulsions, arc observed. Death fre- 
quently occui'K within a few minutes of the onset of .symptoms. 

Goodman (1939) di.seusscs cutaneous hyper.sensitivit.v to (he procaine 
anesthetics jind correlates hyper.sensitivit.v with chemical structure. 
He also makes the inlere.sling ob.servation that persons whose skins 
manifest the very highest degree of contact -t.vpe allergic eczematous 
sensitivity do not necessarily exhibit sensitivity of their mucous mem- 
hranes. 
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it is usually of greatly limited extent. In the exi^erimental animal the 
bonj^ canal is more completelj’" filled witli nervous tissue, and a rela- 
tively smaller amount of cerebrospinal fluid is available for diluting 
, purposes. 

Lundy, Essex, and Kernohan (1933), following a prolonged tem- 
porary paralysis in man from the use of 10 per cent procaine, employ 
from 3 to 5 per cent solutions of procaine as they leave the syringe. 
Tliere seems to be no excuse at this time for injecting greater than 
5 per cent solutions of procaine into the subarachnoid space. 

The Avork of MacDonald and Watkins emphasizes the Amine of a 
I'elatiAmly sIoav spinal injection of anesthetic agents. 

Ferguson and Watkins (1938) report fourteen eases of the cauda 
equina syndrome folloAving sifinal anesthesia. In thirteen of the 
cases heavy dirracaine Avas used, and it probably Avas lAsed in the re- 
maining one. During this period some 1,700 spinal anesthesias Avere 
administered, most Avith duracaine. 

References to damage from other agents lAsed for spinal anesthesia 
are included. 

Three of the cases came to autopsy. The sacral nerves shoAved fine 
vacuolation and Avere considered to shoAv evidence of recent degenera- 
tion. 

Kelman and Abbott (1938) liaAm revicAved the literature on neural 
complications folloAving spinocaine and other agents used in spinal 
anesthesia. They present five cases of prolonged neural damage fol- 
loAving the use of spinocaine. Although the authors do not present 
desirable data regarding the total number of patients AA'ho received 
spinocaine, the fact that five cases of serious damage came under their 
observation is in itself a Avarning to caution in the AAse of the agent. 

Koster, Kasman, and Shapiro (1937) attempted to produce in 
patients postspinal anesthesia headache, Avithout success. A consider- 
able bibliography is proAuded. 

Foss and Bush (1939) present data on mortalitj' and complications 
of spinal anesthesia. 

“ Racliiresistancc”: Sebrechts (1934), in considering the variations 
encountered in the clinic to a given spinal anesthesia technique, at- 
triliAAtes some of the unexpected rc.sults to variation of individual 
susceptibility to the drugs employed. When unusually profoiAud 
anesthesia folloAAm the use of a normal dose of an agent, he terms the 
patient “rachisensible.” When the anesthesia is insufficient or non- 
existent, the patient is termed “rachiresistant. ” He believes this 
characteristic to be familial! He has found five members of one 
family to be “ah.solutely” resistant to .spinal ane.sthe.sia (noAmcaine). 

Black and Walters (1937) have reviewed the chief reasons for failure 
of spinal anesthesia : 
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curred recently is a strong indication that the explosion liazard from 
static electricity is greater with cyclopropane than it is with ether. 

Horton (1939) has considered the factors which affect the oceurrence 
and prevention of electrostatic sparks during anesthesia. He finds that 
a high relative humidity is not adequate to prevent the building up of 
large charges in an operating room. In itself it is an inadequate safe- 
guard. He recommends that anj”- electrical interconnection in close 
proximity to the breathing tubes, the mask, or other portion of the 
rebreathing system be discontinued. Cushioned stools should never 
be used in the operating room. Woolen blankets and wool or silk outer 
garments should be prohibited. 

When closed anesthesia systems are used, it is probable that no ex- 
plosive mixture will exist beyond the radius of a foot surrounding a 
leak. This, of course, does not apply if the anesthetic mixtures are 
deliberately discharged into the room. 

Horton discusses the dangers of grounding patients. These arise in 
the danger of an electrical shock coming from the electrical equipment 
in use, as well as from the increased hazard of an electrostatic spark 
between the grounded system and a nongrounded person who, through 
error, might approach the system. He also points out the hazards of 
low resistance intercoupling of patient, operating table, gas machine, 
and anesthetist. He recommends the use of high resistance inter- 
coupling. Such intercoupling requires conscious effort. If imperfectly 
arranged, it may lead to a dangerous sense of security. 

An alternative to Horton’s system might be for the anesthetist to 
maintain constant contact with the patient (away from the airways) 
and frequent contact Avith the other bodies (operating table, gas 
machine). If the contact must be broken, when the anesthetist re- 
sumes it, the patient should always be approached by making contact 
as far from the aiiuvays and any potential leaks as possible, always at 
least one foot from possible leaks. The revicAver is in no position to 
argue the merits of this system over that ])roposed by Profe.ssor Hor- 
ton. It has some support in its considerable use. In any case, the 
anesthetist must take the responsibilit 3 '' for keeping all bj^standers 
and members of the operating team at least one foot aAvaj^ from 
potential leaks. 

Horton points out the hazai-ds incident to the disconnecting of air- 
Avays, breathing bag, etc., during operation. 

Connell (1939) has considered the hazard of explosion from the 
point of vicAv of the manufacturer of gas machines. 

h'ive classes of ignition inaA' produce explosions of combustivc anes- 
thetic mixtures; 

1. Intermixing of combustible gases under high pre.ssure. 

2. S]>arks due to mechanical friction. 

3. Catalytic action. (This is of doubtful importance. Possible 
catalysts that need study arc soda lime, dry metal oxides, the platinum 
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Hailey and Hailey (1937) report three cases of severe dermatitis 
following the nse of nupercaine ointment. 

Theodore (1938) reports a case of sensitiveness to larocain. 

Kotz, Roth, and Ryon (1938) report the death of a patient (toxemia 
of pregnancy, toxic myocarditis) following 31 c.c. paraldehyde by 
rectum. They review the literature on paraldehyde. 

See also the section on neurologic comidications of spinal anesthesia. 

Explosions during Anesthesia . — 

Compared with other surgical risks, the risk of explosion of the anes- 
thetic agent is statistically small. There are man 5 ’’ intangible factors, 
however, which 'increase the importance of this above its numerical value. 
As with many newsworthj' events, an explosion and the circumstances 
surrounding it may he greatly exaggerated, leading to bad relationships 
between the public and hospitals Avhen such accidents occur. This is 
aside from the shock to all those intimately concerned. Woodbridge 
(1939) has considered the hazard of explosion from the point of view of 
the anesthetist. Answers to a questionnaire sent out by Woodbridge 
concerning explosion rate are as follows : 


AGENT 

ADMINISTRATION 

EXPLOSION RATE/100,000 

Ether 

1,975,342 

1.72 ± 0.31 

Ethylene 

326,798 

2.44 ± 0.86 

Cyclopropane 

259,985 

3.85 ± 1.22 


The standard deviations are so large that it is impossible to draw any 
conclusions as to difference from these data, as he is aware. 

Woodbridge ’s data do not reveal whether the explosions were occa- 
sioned by the use of the cai^tery, the careless use of light, fires, electrical 
equipment, or by other easily preventable means, or bj’’ the dread static 
discharge. This, it seems to this remewer, is one of the basic questions 
to be answered. If a surgeon decides that the i;se of the cautery in a 
questionable case is so important that he considers the I’isk of ex- 
plosion justified and if a fatal explosion occurs, that is one thing. If, on 
the other hand, all preeaiitions known liave been taken and a static dis- 
charge sets off a fatal explosion, that is qiiite a different story. A very 
important question is; Hoav often has static electricity caused an 
explosion of serious consequence and how often fatalities witli the com- 
mon anesthetic agents? While Woodbridge ’s data do not answer this 
question, the answer will perhaps emerge from the valuable data being 
collected by the American Society of Anesthetists. 

The nearly universal opinion that other, ethylene, or cyclopropane 
presents an equal explosion hazard must be ehallengcd. It is probable 
that such a general belief grew out of the fact that each agent in its 
anesthesia range can develop an explosive force of fatal violence. Other 
*f"*tors must be considered, such as the violence of explosion, etc. The 
f fatal explosions (static) under cyclopropane which have oc- 
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Among tlic usual hazards and precautions, Hasler (1938) points 
out the dangers from laryngoscope and bronchoscope if faulty insula- 
tion leads to spark (loose bulb, etc.). He also points out dangers of 
dry air effected by some air-conditioning apparatuses. 

The (British) Medical Research Council is investigating the question 
of explosions from static sparks, with the assistance of the National 
Physical Laboratory. Their conclusions are to be published soon, it is 
stated. 

The following Avriters have also considered the explosion hazard 
during anesthesia, but not so thoroughly as have IVoodbridge, Horton, 
and Connell: Phillips (1936), Toland and Kroger (1937), Becker 
(1937), Thalheimer (1938), Kaye (1938), and Becker and Woltersdorf 
(1938). 

hnpnriiies in Ether . — 

To what extent the complications of anesthesia are related to im- 
purities in the ether used is not clear. We have little information as to 
how such impurities affect the conduct of anesthesia. A finding of 
Knoefel and Murrell in mice (1935) concerns the rate of production 
of anesthesia by ether containing aldehyde and peroxide. Thej'' report 
that, when small amounts of these agents are present in the ether, a 
significant slowing of the rate of induction occurs (measured by loss of 
posture). A likely explanation offered for this effect of the impurities 
is that they act by slowing the rate of entrance of ether into the blood 
stream. 

They also report that 0.2 per cent aldehyde and 0.07 per cent peroxide 
do not significantly alter the acute toxicity of the “ethei’.” 

Ether From Large or Small Containcra ? — 

Tile question of whether ether supplied in 27- or 55-pound drums is 
as satisfactory for anesthesia as that provided in from one-quarter- to 
one-pound cans is a matter of considerable economic importance. 
Hediger and Oold (1935) attempt to show that ether supplied in large 
containers is as satisfactory as that in the small ones, even though the 
ether from the large containci’s had been e.xposcd to the air for as long 
as sixty-eight days. 

Tin's matter can liardly lie considered settled as yet, for there is some 
evidence tliat one lot of ether will decompose fa.stcr than another one. 
To rule out this hazard, the study would have to eonsider many more 
drums than was the case here. Boubfless, frequent and thorough clean- 
ing of the small containei's filled from larger ones could eliminate the 
Jiossiliilily of decomposition products gradually appearing in thorn, but 
such would always be a jMi.ssiliility uule.ss this was taken carefullv into 
consideration. The fire and explosion hazai'd of the nearly empty but 
vapor-fdlcd large dnim.s, ns well as the general fire hazard of a large 
bulk of ether, cannot be disregarded. The ju-oblem is an involved one; 
it needs further .study. 

(To hr fOiUitnirJ, Tht Tffrrrnc(.<i viU accotnpnnij the In.H part.) 
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of inoiitli dentures; possilde iinpuritics in the agents used might be 
added.) . 

4. Ignition by ojien flame, sparking electrical apparatus and cnuterj^, 
diathermy, high frecpieney apparatus, and x-ray apparatus. (These 
latter should never lie used in the presence of inflammable anesthetic 
agents.) 

5. Electrostatic .sparlc. No degree of room humidit 3 ’’, however high, 
totallj'- prevents the development of momentaiy static charges. 

Safeguards from static electricity are : 

1. Wet breathing circuit at start. 

2. Condensation of patient's breath. 

3. Use of an electrolyte solution (calcium chloride) to keep the 
rubber of the breathing tubes conductive. (Wipe new rubber over 
with 4 per cent calcium chloride and rinse the rubber each time it is 
washed with rinse water containing a few tablespoonfuls of this solu- 
tion. This will tarnish metal.) 

, 4. Intercoupling with high resistance safeguard. 

5. Room humidification. 

Anesthetic apparatus. 

1. The apparatus should be constructed so that intermixtui'c of 
gases at high pressure is impossible. 

2. It should be constructed of spai'kless metals. 

3. It should be tight and with central spill valve. 

4. The apparatus should not be subjected to open flame or electrical 
apparatus. 

5. The apparatus should be emptied and washed free of combuslive 
material when not in use. 

6. Conduit connections, metal to metal, should not be distinbcd 
or reconnected during use. 

7. The apparatus shoifld not be covered while idle. 

8. Drv, hot blankets should not be carried past it when in use. 

9. It .should be intercoupled electricallj'^ with patient and anesthetist 
before anc.sthesia is .started and this intercoupling maintained until 
after washed out. 

10. Intercoupling should be remote from gas si)illagc and of the 


high resistance type. 

11 Rubber parts should be treated with electrob'te and kept moist 
inside during use. 

Eversole. Sise, i.nd Woodbridge (19.37) state that high frecpiency 
electrical apparatus should not ho lined in operating rooms in which 
mlopropanc is being used, because of the danger of sparking from 
^^attcred points in the vicinity of .such apparatus. This includes x-ray 
i. oo Tvnll MS electrosurgical units for cutting and coagulation. 

'I'nnnrntiis >>uii «*• 

Tt ' do not comsider that the low voltage actual cautery pre.scnts 

ovt-'oTtr dnimer, although, of course, the glowing cautery 
this same spaiao'e - _ 


Book Reviews 


A Bibliography of the Writings of Harvey Cushing. By The Harvey Cushing 

Society. Cloth. Pp. lOS, with frontispiece. Springfield, 111. Charles C. 

Thomas, Publisher, 1939. $5. 

On the occasion of his seventieth birthday, the' Harvey Cushing Neurological 
Society presented the late Harvey Cushing with a small tome containing a complete 
list of his papers and books by title, his vita, and a list of papers published by 
his associates from his clinics at Baltimore and Boston. Appended also are the 
names of those who successively were his assistants in neurological surgery and 
appointees in the surgical research laboratories at Baltimore and Boston. 

During a busy life, Harvey Cushing wrote 13 monographs and more than 300 
papers. An additional 327 papers written by his associates under his direction 
are listed too. 

An annotation, acquainting the reader with the circumstances under which the 
books and papers were written and the occasion of their presentation, accom- 
panies the title of each book and a large number of the papers. It is extraordi- 
narily interesting to peruse these titles and to appreciate that they were the work 
of one man. The Tituitary Body (1912), Life of Sir JTilUam Osier (1925), 
Consecratio Medici (1928), Intracranial Tumours (1932), and Meningiomas (193S) 
are monographs, each of wliich represents the best effort of its kind. His papers 
on tj-plioidal cholecystitis and cholelithiasis (1898) and the e.xperimental formation 
of gall stones (1899), the bacteriologj' of the upper portion of the alimentarj’ 
canal written witli L. E. Livingood, experimental studies on brain compression 
done in Kronecker’s laboratory in Bern (1902), routine determination of arterial 
tension in operating room and clinic (1903), and his methods of accomplishing 
decompression in inoperable brain tumor (1905) are some of his early papers 
which foreshadowed his genius. 

The number of persons among Ids assistants who liave established themselves 
as leaders in their fields gives further evidence of the great genius of Harvey 
Cu.-ihing. He attracted tlie best talent and left an indelible stamp on all of them. 

This monograph outlines the versatile and remarkable accomplishment of one 
man during a long life of unceasing labor. It is a most animating and excep- 
tional record. The book can be recommended, not alone as a kev to Harvey 
Cushing’s papers, but also becau.ce it details the literary contributions of a 
singularly stimulating and useful life. 


Harvey Cushing’s Seventieth Birthday Party. April 8, 1939: Speeches, Letters 

^ illustratioim. Springfield, 1939, Charles 

t. Ihomns, Publisher. 83. 


Harvey Cushing Society, during their eighth annual meeting hold at A'ew 
«'en. ,onn., celebrated Hnrvey Cu.shing's seventieth birthday, April S, 1939 
ID occasion was sicnalized by a dinner at which were read telegrams and greet 

P'Hients from all over the world 
vJZn 'Hc-long friend of Cushinc, returned for the oc 
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Review of Recent Meetings 


TPIB SOCIETY OF UNIVEESITY SURGEONS 


Alkxander Brunschotg, M.D., Chicago, III. 

T he second annual meeting of the Society of University Surgeons was held 
Feh. 9 and 10, 1940, in New York City at the New York Hospital. Most of the 
papers presented at this meeting are to be found in this issue of Surgerv. Brief 
abstracts of other papers presented at that meeting are summarized herewith. 

William J. German and Max Teffel, Yale Universitj^, Surgical Production of 
Collateral Intracranial Circulation. An Experimental Study. — The authors de- 
scribed a method of temporal and suboccipital muscle grafts to the surface of the 
brain in order to produce an accessory arterial blood supply. The animals 
employed were monkeys with experimentally ligated carotid and vertebral arteries 
in various combinations. 


D. Henry Peer, Emory University, Atlanta, Ga., Clinical Experience With the 
.Use of Di-Hydro-Tachysterol (AT-10-), in the Treatment of Ten Cases of Hypo- 
parathyroidism. — The author in a series of ten cases of parathyroid tetany follow- 
ing thyroidectomj' employed di-hydro-tachysterol and vitamin P-. These were 
thought to be equally effective in controlling the symptoms and maintaining serum 
calcium levels near normal. -Each preparation has advantages over parathyroid 
hormone if its use is continued over a long period of time. 


Cobb Pilcher, Vanderbilt University, Experimental Cerebral Trauma. H. 
Purther Observations on the Fluid Content of the Brain Following Trauma to the 
Head. — ^Experiments by the author were presented and interpreted to show a 
marked stability of the fluid content of the brain tissue even after trauma. The 
author furthermore was of the opinion that his experiments suggested that 
cerebral edema would not occur in animals following trauma. 


Thomas B. Wyatt and Cobb Pilcher, Aranderbilt University, Experimental 
Cerebral Trauma. HI. The Effects of Acute Uremia, of Venous Obstruction, of 
Hyperthermia, and of Intensive Irradiation on the Fluid Content of the Peg’s 

^Tliose authors studied the fluid content of various portions of the brains 

in dogs after bilateral nephrectomy, bilateral ureteral ligation, venous obstruc- 
tion severe In-perthermia and intensive irradiation. The percentage of fluid 
’ gjijrhtly but consistently elevated in cerebral and cerebellar gray matter 
Ld in the brain stem after hyperthermia. The fluid contents of the brains in all 
other experiments were within normal limits. 


Alexander Brunschwig, University of Chicago, The Localization of Evans Blue 
in Malignant Tumors.-The a-uthor reported selective localization of Evans blue 
“ * . thirty nafients with various tjTcs of malignant neoplasms follon- 

"nv inTravenous injections of 50 to 100 mg. of the dye. 
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and tliat stillbirths and death certificates on them are not correctly reported, 
probably largely as a result of insufSeient data and inadequate examination. 

The way is pointed to the most precise method of determination of the causes 
of natal and neonatal deaths and only with a regime such as the one employed 
by the authors will the cause of death in individual or large series of fetuses 
and infants be correctly determined. The difficulty encountered in comparing 
reported series shows the need of greater uniformity in terminology of just what 
constitutes abortion, prematurity, stillbirths, etc., and shows the difficulties 
arising in the absence of a uniform classification of causes of fetal and neonatal 
death. 

The embryologic and anatomic descriptions of fetuses and their individual 
organs are not extensive, but yet they are adequate for a thorough understanding 
of the general and special pathologic problems that are encountered in death of 
these individuals. The pathologic findings and possibilities are described in detail. 


The 1939 Yearbook of General Surgery. Edited by Evarts A. Graham, hl.D. 

Cloth. Pp. 796, with 301 illustrations. Chicago, 1939, The Yearbook Publishers. 

$3. 

Perusal of this volume will give the reader a bird's-eye view of some of the 
more important contributions to the literature of surgery during the latter months 
of 1938 and the early months of 1939. One of the most valuable parts of the 
volume are the many editorial comments of the editor. He who becomes familiar 
with the Tearhook of General Srirgery, hy study, year after year, cannot help but 
absorb something of the conservative philosophy of the well-known editor. IVIiere 
else can one find the reactions of one surgeon who speaks witli authority on so many 
surgical problems. That the editor know liis yearbook is apparent when one notes 
how often he refers to previous reviews in earlier years. 

Ifcw and important papers on anesthesia, asepsis, and surgical technique are 
reviewed. The materials in the section on the biliary tract are particularly good. 
In this section and in the chapters on thoracic surgery, the reader is especially 
glad to have the editor 's comments. 

In an appropriate foreword Dr. Graham refers to those developments in surgery 
during tlie year which are worthy of particular notice. This hook can be recom- 
mended enthusiastically to all general surgeons as affording a synopsis of some of 
the more important and practical surgical papcr.s of the year that has passed. 


bes “piesges” de la chirurgie en diagnostic et thdrapeutique: Erreurs et f antes 
ou faits prSsumfis tels conditions et limites de la responsabilitd. By Prof. 
E. Porguc, membre de I’Academie de chirurgie, and Prof. Aimes, Professeur 
ngrege h la Facultd do Montpellier. Cloth. Pp. 509. Paris, 1939, Masson et 
Cie. 320 francs. 

The intriguing title of this book, “Snares in Surgery,’’ was selected by the 
authors in preference to “Errors nnd Fatdts in Surgci^-’’ because the latter might 
create tlie. wrong impression. Fully cognizant of somewhat similar previous 
expositions, sueii as tlie German edition of Stiteh and Makkas, they have attempted, 
in a different manner, to present n collection of facts rcpre.scnting misfortunate 

oecuTrem-es more often tlmn surgical errors and to define the legal re.sponsibilities 
of tlie siireeoTi. ‘ 
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Di'. Cushing responded in a light vein to the numerous toasts and felicitations 
but concluded on a serious note, exhorting neurosurgeons to serious thought as 
well as action. Said Dr. Cushing: ‘'Ifeurolog 3 ', broadlj’ speaking, is a field for 
thinkers as well as doers, and it is gratifjdng that the surgical doers for almost 
the first time in tlie history' of medicine have come to be recognized as deserving 
of memberships in the societies of those otherwise engaged. This being so, we 
must look to it that w'e justify' this recognition bj- the character of our work.” 

An appreciation of ‘‘Harvej' Cushing at Seventj', ” written bj' Henrj' E. 
Viets and reprinted from the New England Medical Journal, contains a commend- 
able appraisal of Cusliing’s surgical and literarj- activities. A reprint of a similar 
article by John F. Fulton, under the title of “Harvej- Cushing and Eoentgenolog,v, ” 
relates Cushing’s great interest in the technique of taking x-raj" films during the 
earlj* daj*s at the Johns Hopkins Universit 3 '. The concluding paper of the mono- 
graph, entitled ‘‘Notes on the Formative Period of a Neurological Surgeon,” 
written also b 3 - Henr 3 ’ E. Viets, relates some ver 3 ’ interesting episodes from 
Cushing’s life: of his interest in anesthesia, his unrivalled capacit 3 ' as a note- 
taker on clinical cases, manifested as earl 3 ’ as his internship at the Massnchusett.s 
General Hospital, the notes being adorned bv' artistic sketches, and flnall 3 ' of Cush- 
ing’s role in initiating in this countr 3 - clinical studies in blood pressure. 

These fragmentar 3 - accounts of a versatile and great man will some da 3 ' be 
recounted in appropriate biographies, for a life so distinguished has many lessons 
to teach. 


Fetal and Neonatal Death. A Surve 3 ' of the Incidence, Ftiolog 3 ', and Anatomic 
Manifestations of the Conditions Producing Death of the Fetus in Utoro and 
the Infant in the Eai'kv Da 3 's of Life. B 3 ' Edith L. Potter, kl.D., and Fred E. 
Adair, il.D. Cloth. Pp. 207, with 33 illustrations. Chicago, 1D40, Universit 3 ' 
of Chicago Press. $1.50. 


This unique book brings together and correlates statistical, clinical, anatomic, 
and pathologic data on fetal and neonatal deaths in such a manner that one in- 
terested in an 5 ' of its phases can quickh- find a read 3 ’ answer to his quer 3 '. For 
the specialist caring to go into greater detail, an adequate bibliograph 3 ’ i.s 
furnished at the end of each chapter. Heretofore, this information has not been 
readil 3 ' accessible in an 3 ' single text and the interested student or graduate would 
have been forced to consult innumerable articles and texts. 


The book begins with statistical expressions which arc in general use todn}' 
and these figures prove, though the authors have not emphasized this spocificalfv, 
that current methods of examination and reporting stillbirths and neonatal 
deaths are gros.sbv deficient. For in.stnncc, a report of the stillbirths in the 
registration area of the United States indicates that 7S per cent of those delivered 
under four months are male.s. This gives a sex ratio of 355 inale.s to evor 3 ' 100 
females, a figure which is more than twice, ns great as the highest scientific 
estimate for the conception ratio and more than three times as great as the 
usuall3' quoted sex ratio of term and near-term fetuses. This emphasizes the 
ditficultv in determining the .se.x of the early fetu.s by ea.sual observation of the 
external "cnitals and re-emphasizes the importance of careful external and in- 
1 e.x.amination bv eomeonc e.spepialh' ver.sed in .such detection, I'urthermorc, 
*^e*fact that only -0 I’cr cent of 325 infant.s were proved by autopsy to have 
r'*^l of nreraafuriV, whereas 57 per cent of a comjmralde seric.s of IfiO infants 
died I ' ^,-"erc said to have .•iucciimlicd from prematuriti", indicates that 

without au 0 • orouu of patients are not being accuratciv determined 

the causes of dcatn in uns r- 1 « 



WILLIAM J. MAYO 

AND 

CHARLES H. MAYO 


In Informal Operating Garb 
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The hook is divided into three parts. Tlie first, whicli is tlie shortest, consist- 
ing of approximately 60 pages, is devoted to errors in diagnosis, indications for 
operation, prognosis, and teclinique. The cause of such errors and tlie means of 
their avoidance are indicated. The second part, consisting of about lOS pages, 
is concerned rvith tlie Surgeon's legal responsibilities as regards indications and 
authorization of operation, anesthesia, overlooked foreign bodies, esthetic surgical 
procedures, burns and accidents due to therapy. The third and most extensive 
part deals u’ith various surgical affections of the special regions of the body. The 
diagnostic and prognostic factors as well as therapeutic applications are discussed. 

In the reviewer’s opinion the most significant part of the book is that which 
is concerned with the definition of the legal responsibilities of the surgeon. More 
recently this subject has been gaining greater importance and its significance has 
not been sufSciently appreciated bj' the busy surgeon. The remainder of the book, 
which is concerned primarily with the recognition of one’s errors and of their 
avoidance, is a valuable consideration. Moreover, the method which the authors 
hare employed in their presentation is instructive and desirable. Whereas numer- 
ous references are made in the text, an appended bibliography obviously would 
have increased the reference value of this book. 


Atlas of Surgical Operations. By Elliott C. Cutler, M.D., and Robert Zollinger, 

M.D. Cloth. Pp. 67, with 181 illustrations. New York, N. Y., 1930, The 

Macmillan Company. $8. 

The authors’ object in writing this book is to place in the hands of graduate 
students of surgery and surgical house officers a source book in which tliey may 
find described the intimate technical steps of surgical procedures. This objective 
the authors have accomplished, iu the main. 

Urological and neurological operative procedures unfortunately are not de- 
scribed; neither are thoracoplasty and operations upon the lung, esophagus, heart, 
or blood vessels, all of which the graduate student of surgery reasonably might 
expect to be found in an atlas of surgical operations. Pnilure to describe the 
closed or aseptic methods of intestinal anastomosis would appear to bo a serious 
omission. Operations upon the pancreas are not described. Another defect is the 
omission of references. 

The illustrations are excellent, the descriptions brief and to the point. A 
studied effort has been made to preserve an effective and sequential relationship 
between descriptions in the text and the illustration.s. The senior author ’.s 
position among surgeons and his well-known interest in surgical technique pronii.scs 
a book reflecting the best precepts in the art and science of surgery. This ex- 
pectation this compendium on operative procedure fulfills in an eminently practical 
manner. 

Names are attached to operative procedures in the instance of hernia alone, 
in which section the names of Bassini, Halsted, Forgmson and Gallic are men- 
tioned The exteriorization oi)eration upon the colon is described n.s the Mikulicz 
procedure- whereas, the Bloch or Blocli-Mikulicz would bo a more proper de.signn- 

*'°This monograph may be recommended as a practical handbook on some of the 
commonly performed operative procedures practiced by the general surgeon. 



CHARLES H. MAYO 
1865-1939 
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Mayo Memorial Volume 

A miscellany of papers written in honor of two 
distinguished American surgeons 


EDITORIAL PREFATORY NOTE 

T he name, ilayo, has been engraved indelibly in the annals of surgery 
by the achievements of the brothers, William James and Charles 
Horace Mayo. Their own accomplishments and what thej'^ did for 
surgery will keep the name of Mayo unfaded in the memory of men 
when these printed words have groAvn dim with the desolation of time. 

During their lifetime, the brothers Majm declined modestly the sug- 
gestion of a memorial volume, acknowledging with a genuine expres- 
sion of gratitude, hov'ever, this mark of esteem and affection of their 
friends. 

These pages are written by admiring colleagues to do honor in death 
to the memory of two illustrious surgeons and distinguished Americans 
wlio lightened the burdens and brightened the lives of thousands of 
families. The influence of the work of these men has been felt wherever 
medicine is practiced, whether in the largest cities or the most remote 
places throughout the world. Their lives should be helpful and stimu- 
latiiifr examples for surgeons everj^vhere. 
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home, the only notable exception being a visit which they made together 
to England in July, 1929, to be present at the dedication of a window 
they had given to the little parish church at Eccles, near lilanchester, 
which their father had attended as a boy. In each clinical journey they 
had a specific purpose of learning some new surgical procedure by ac- 
tual observation of its performance and of becoming acquainted with 
the leading surgeons of the w'orld and their approach to the rapidty 
developing field of surgery. 

From the beginning of their careers to the end, the brother’s carried 
out in Saint Mary’s Hospital both the application of the Imowledge 
acquired in their travels and the contributions which they themselves 
made to surgical progress. At its opening, in 1889, Saint Mary’s had 
twenty-five beds. Prom its beginning, this hospital received all classes 
of patients without regard to creed, color, or financial or social condi- 
tion. A small band of the Sisters of Saint Francis was the administra- 
tive and nursing staff, and with few and untrained helpers these de- 
voted women carried on the work. The confidence of the Sisters in Hr. 
William Worrall Mayo, for it was he who had supported them in the 
building of the hospital, was extended to the sons, and a perfect mutual 
understanding and trust continued throughout their lives. 

This original group of physicians and nursing staff never lost the 
simplicity of method which was characteristic of the surgery of that 
time. In their surgical work the Drs. Mayo had the aid of Sister Mary 
Joseph, who died in the same year as the two brothers and of whom 
Dr. William J. Mayo wrote : 

“In this early group Sister Mary Joseph, by reason of character, 
energy, and intellectual ability, took a prominent place. She became 
matron and director of the hospital, which position she held until her 
death. Executives of the caliber of Sister Marj’ Joseph are born, not 
made. 

“Sister Joseph promptly mastered, to an extraordinai'y degree, sur- 
gical technique and procedures from the standpoint of the surgical 
assistant, a position in which she served for twenty-five years, working 
dii’eetly across the operating table from me. Possessing great keenness 
of perception, unusual clinical acumen, and an extremelj- delicate sense 
of touch, she aided me during the operations, performing technical 
maneuvers with rare facility. Her surgical judgment as to the condi- 
tion of the patient, before, during, and after operations was equal to 
that of any medical man of whom I have knowledge. Of all tlic splen- 
did surgical assistants I have had, she easily ranked first.’’ 

The unique relationship which existed between the Drs. Jlayo and 
such a surgical assistant, who also was matron in the hospital, con- 
tributed in t(o small measure to the re.sults of operations which the 
Di-s. Mayo were able to report in their early years of surgical practice. 



WILLIAM JAMES MAYO (1S61-1939) AND 
CHAELES HOEACE MAYO (1865-1939) 

Donald C. Balfour, M.D., Eochester, Minn. 

I T WAS during the remarkable half century in the history of medi- 
cine from 1S80 to 1930 that Dr. William J. Mayo and Dr. Charles 
H. Mayo lived their active professional careers, for they began the 
practice of medicine rvith their father, Dr. William Worrall Mayo, in 
the 1880 ’s and continued their practice until their deaths in 1939. 

In 1855 the father settled in southern Minnesota and began the 
varied practice of a tiioneer physician and surgeon. His two sons in 
their early youth, while still in public school, often accompanied their 
father on his professional rounds and assisted liim in those emergencies 
which largely comprised a genei-al practice of that day, and in their 
summer vacations they gained a practical knowledge of pharmacy by 
working in a drugstore. There never ivas uncertainty as to tlieir study- 
ing medicine. In later years Dr. W. J. Mayo wrote : “To grow up in a 
doctor’s familj" with a professional background of some generations 
will likely have, as it did with my brother and myself, tliat sort of 
influence which leads, not to conscious choice of medicine as a career, 
but I'ather to unconscious elimination of every other choice. Neither 
m}' brother nor I ever liad an idea of being anything but a doctor.” 

The incentive which led botli brothers to train tliemselves for a sur- 
gical career ma.y be found in tlieir early experiences and in tlieir father’s 
interest in surgery, for in 1871 William Worrall Mayo reported the 
successful performance of an ovariotomy, and in the next thirteen year.s 
he carried out thirty -six similar procedures. There is also to be re- 
membered the fact that William J. Mayo and Charles H. Mayo entered 
practice at about the period wlicn the great advances of modern sur- 
gery were initiated. 

The problem of acquiring a knowledge of surgery and keeping 
abreast of its advances was a difficult one to .solve for lliese busy coun- 
trv practitioners in a small town. One essential in its solution was 
travel, and they were indefatigable, thorough, and jicrsislcnt in lliis 
means of education. Tliey early agreed tliat 25 ))cr cent of liicir gross 
income from their jiraeliee should be set aside for education and re- 
seareh and since their environment could not afi'ord them adeijuatc o])- 
portunitics, they traveled in this country and abroad to observe the 
work of those who wore more fm-lunalcly situated in regard to facili- 
ties training, and clinical material. Their travels wore on an exactly 
ordered plan, for they sought and .saw only thing.s that were done 
better than they could do them. One of the brothers always was at 
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was away, the other saw personally the patients on the services of both. 
Day by day, year after year, they observed an unvarying operating 
room ritual. For many years the brothers both operated evei'y day, and 
their routine was much the same; that is, they began hospital rounds 
shortl}^ after seven o’clock in the morning and operations promptly at 
eight o’clock. 

As surgeons, William J. Mayo and Chai’les H. Mayo were distin- 
guished by an amazing ability to focus on essentials and by good judg- 
ment based on enormous clinical experience. They were excellent tech- 
nicians, carefully but not unnecessarily attentive to detail. While the 
two men differed in approach and technique, the work of each was 
marked by confidence, a high sense of responsibility, quick and stead- 
fast decision and directness of attack. They were scrupulous in avoid- 
ing operation unless they believed the patient would be greatly helped, 
but they always offered the patient the benefit of operation if any 
doubt existed, partieulai-ly in the presence of malignant disease. 

In all their years of intense activity in surgical practice they found 
time for daily reading and clinics. Dr, William J. Mayo for many 
years followed a routine of lying down between operations, and in these 
periods of physical relaxation he did much of his medical reading. 
He urged systematic medical study for surgeons and said: “I began 
liy charging myself with one hour’s study a day, and I did not give 
myself credit for advance woi'k; that is, if I put in three hours, I 
took credit for one. I was scrupulous, however, in making up the 
deficit when it happened that I was unable to study. It is surprising 
how much one can accomplish by adherence to this type of program. 
The reading should be catholic. To the young surgeon I would say, 
do not read all surgery and lechnirpic, for technique is constantly 
changing. We abandon procediu'cs whicli were perfectly satisfactory, 
for something which is no more satisfactory, as the ladies do their bon- 
nets. Along with surgical literature, read medical articles in high class 
medical journals. Do not skim, but here and there select certain articles 
and read them with care, especially those that have a physiological 
background. 

“Further, I would advise the young surgeon to write papers, and in 
writing to bear in mind what the old minister said, ‘Few souls are 
saved after the fir.st fifteen minutes of the sermon.’ Write the paper 
not to show how learned you are, or to show the high D-pc man who 
may be in the audience, that you are in his class. Rather, try to tell 
those in your audience, who perhajis may not know as much about the 
subject as you do, something that may interest and help them. Do not 
(ly to make too many ]mints " 

Throughout their careers these men carried on with their colleagues 
a weekly conferonee for review of their own work and that of the pro- 
fession in all parts of the world as ro]>resented in the literature and 
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Throughout the following years, the surgical work of the Drs. Illayo 
continued, and the results of their experience are recorded in the variety 
and character of their publications. Their m’itings stand as evidence 
of their numerous original contributions in many fields and of their 
recognition of the contributions of other surgeons and scientists. Their 
publications also are proof of their realization that to bring about ad- 
vance in any field of surgery intense specialization based on adequate 
experience and knowledge of general surgery is necessary. In their 
early practice William J, Mayo and Charles H. Mayo were required 
to engage in every department of surgery, and it -was only when they 
secured associates who were especially traiired in many^ of these branches 
that they fourrd it possible to restrict their own work to the surgical 
fields with which their names will always be associated. 

The influence which these two men had on srrrgery and surgeons, on 
their associates, and oir those whom they trained, came from the con- 
sisterrcy with which they searched for the truth. From their earliest 
days of practice, the brotliers, tauglit by their father, realized that the 
chief cause of error in diagnosis is incomplete examination, and in teach- 
ing and practice they stressed every means of acquiring as complete 
knowledge as possible of every patient. The early clinical records of 
both father and sons are models of careful observation and direct deduc- 
tion. Their determination to know the truth led them to secure necrop- 
sies whenever possible and, as a result of their tencliing, the division of 
pathologic anatomy in the institixtion they founded at present is granted 
permission for necropsies in over 80 per ceiit of deaths. 

William J. Mayo emphasized always the desirabilits’’ of utmost use 
of the plysieian’s native intelligence in dispelling what he called “diag- 
nostic fog”; by this he meant the confusing of tlie issue by too great 
reliance on laboratory and mechanical aids to diagnosis, invaluable 
though they are. In his homety and classic article, “In My Father’s 
Time,” he began by writing; “Clinical diagnosis in my father’s time 
was based to a large extent on examination by the five senses aided 
by' a few insti’uments of precision. ” The fact that the brothers were 
not eager to adopt the many new accessories which rapidly' were offered 
for use in medicine and surgery may' liave had much to do with the 
development of their resourcefulness, their extraordinary clinical .iudg- 
ment and skill in diagnosis, and their adaptability to every sort of sur- 
o-ical situation. And thi'oughout the years, in llic building and develop- 
ment of their great adventure in group practice and medical education, 
while William J. idayo and his brother and their associates encouraged 
even' advance in medical re.scarcb and employed every scientific aid, 
their sound common sense and wise discrimination were always evident. 

In the early' days tlie routine work of the office practice and the 
hospital required the iiersonal care of the fatiier and his two sons, and 
■ • unremitting’ feeling of mutual responsibility became a habit which 
cInIcTthrough their entire lives. Always, when one of the brothers 



BALFOUK : WILLIAJI JAAIES JIAA'O AND CHARLES HORACE AIAA'O 175 

sire to teach, with tolerance, patience, and consideration, with careful 
guidance, for the advancement and spread of knowledge, toward the 
better care of the sick and the strengthening of the profession. Their 
experiment in graduate medical education has established the soundness 
of the principles upon which they based their Avork and their teaching, 
for their methods have been continued on a university basis Avithout 
radical change. 

To have practiced medicine Avith distinction for fifty years and more, 
and to have Avon the respect and affection of colleagues and confreres, 
is a high achievement. AVilliam James Mayo and Charles Horace Ma3m 
did not seek honors and I'CAvards. The distinguished recognition AAdiich 
came to them they accepted Avith gratitude, untouched bj^ pride and 
self-esteem, because they belicA’^ed that it Avas bestoAved not on them 
alone but also on those Avho had served Avith them in the Avork they 
loA'ed. 



174 


SURGERY 


by the travels of themselves and other members of the staff. I veil 
recall tliat more than thirty years ago these meetings were held in 
alternate weeks in their two homes, and I remember the impression 
made on younger associates of the purpose of such conferences, to Imow 
the truth regardless of how unpleasant it might he. 

Tolerant and understanding in all relationships, these brothers were 
exponents of freedom of speech and thought for their associates and 
themselves. In no waj’' did they ever seek to interfere with religious, 
political, or social opinions, and they made this attitvrde a tenet of 
belief for the institution as a whole. 

The Drs. Mayo were conscientious and enthusiastic in their attend- 
ance at the meetings of medical societies: county, state, district and 
national, special, and international. They believed and taught that a 
physician’s standing in the medical profession depends on the manner 
in which he realizes his dut3’' to medieal organizations; that is, it is 
onlj"- as “we have respect for and are willing to make some sacrifice 
for our home organizations that the public will recognize and value the 
medical profession.’’ 

In their papers, addresses, and teachings they endeavored to present 
professional matters in such way as to be entirely impersonal, and dis- 
cussed only such questions as thej’^ believed would be of benefit to the 
profession which thej’- loved and in which thej' lived all their lives. 
Thej’" held to the tenets of the American Medical Association, for they 
believed that, since this organization repi’esents the profession of Amer- 
ica, it should have the support of members of the profession. They 
were attentive to the recent trends, believing that the attitude of the 
profession toward socialization of medicine is one of sincere desire for 
information, to learn in what -way their activities can be adjusted to 
inevitable social changes as thej’' come, only hoping that the quality of 
medieal care which the profession is capable of rendering todaj'- will not 
be lessened. 

As teachers William J. Maj'O and Cliailcs II. Maj'o ear].y recognized 
that an adequate training in general diagnosis and a firm ground- 
work of instruction in fundamental fields were essential to sound surgical 
practice. In the operating room the.v were actuated bv a genuine desire 
to "ive oppoi’tunity for development to their assistants, to permit them 
to participate in the operations sufficicntl.v not onlj’- to become familiar 
with the principles of surgery, but to acquire adequate technical skill. 

The purpose and manner of their teaching in the early .vear.s cid- 
minated in the 3Ia,vo Foundation for jMcdienl Education and Research. 
The* training provided by the Foundation in the last twenty-five years 
has been based on the general plan followed by Dr. William J. itfayo 
nd Dr Charles 11. jila.vo for the many %-cars preceding the csfablish- 
of the Foundation and its afliliation with the University of Jlin- 
Thev mthered assistants about them, not primarily to secure 
surmry'and clinical n)cdicine, Jmt becaii.sc they had a real dc- 
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As I write, my mind goes back to the earty days of a half-century and 
more ago, when the Clinic had its origin largely as the result of the 
cyclone of 1883 which passed over the town of Rochester, Slinn. The 
history of the subsequent progress and development of the Clinic 
strongly reflects the rugged character of the early settlers, who, as a 
result of their training in the school of experience, were accustomed to 
meet and overcome the diffculties inherent in the primitive life of the 
great West. 

In reviewing the work that the Clinic has done, it is extremelj^ difficult 
to evaluate at their true worth the various elements that have con- 
tributed to make it what it is. The idea of establishing such a clinic 
seems to have originated in the fertile brain of the senior Dr. Mayo, 
but it was taken up very earty by Dr. Will, ably seconded later by Dr. 
Cliai’lie. It wasn’t long thereafter before the name of Mayo began to 
be on the lips of surgeons everywhere and to appear prominently in 
medical journals and on the programs of surgical societies all over the 
country. The attractive personal characteristics of the Mayo brothers 
made them exceptionally welcome in any surgical gathering. The 
authoritative character of their scientific papers and discussions was 
such as to command general attention. Before long the eyes of the 
surgical world were turned toward Rochester, and in course of time 
it became the surgical Mecca of this countrjL 

I can recall with great satisfaction my first visit to the Mayo Clinic in 
the early nineties. The character and amount of work done here in this 
prairie town were most impressive. The two brothers were, each in his 
own way, most interesting characters, and their devotion to each other 
was a pleasure to see. 

As is usually the case, after starting out in the traditional was'- of 
doing everything that offered, they early began to specialize more or less 
in their work. Dr. Will devoted the most of his time and attention to 
the alidominal organs, while Dr. Charlie was a sort of all-around spe- 
cialist, liowevei’, perhaps devoting most of liis attention to the treat- 
ment of the various types of surgical diseases of the thyroid gland. 
The wealth of material furnished by the Clinic along these, indeed along 
all, lines enabled the Jlayos to speak with the authority of wide experi- 
ence upon many subjects. One had but to visit the Clinic and study it 
in operation to .see the crowds of patients who regularly flocked to its 
door.s; to spend a few days in the oiJcrating rooms and wards, to attend 
the various eonfercnce.s and demonstrations of pathologic specimens, to 
be impressed with the value and extent of the work done by it and the 
power for good along all lines of profe.ssional endeavor that it was 
capable of exerting, and did exert, upon the profe.ssion at large. No 
wonder tiien that under the skillful guidance of the Jlayo brothers there 
was developed out on the i)rairies a medical center which became the 
wimder of the civilized world. 



A PERSONAL APPRECIATION OP THE MAYOS AND THEIR 

WORK 

J. M. T. Finney, M.D., B^iltisiore, jMd. 

[ HAVE been asked bj' the editors of Surgery to prepare something 
personally reminiscent of the Mayo brothers and the splendid work 
done by them. This is indeed a difficult, though pleasant, task that has 
been set me, not only because of the extraordinavily attractive per- 
sonalities presented b.v these two devoted brothers, but also because of 
the unusual character and wide extent of the work accomplished by 
them in tlieir busy lives. It will be im2iossible in the short space allotted 
me to give anything like an exhaustive account of what they and their 
associates in the Mayo Clinic have accomplished, or what it has meant 
to the medical and surgical professions at large. I shall not attempt, 
therefore, to do more than refer to a few of the more outstanding con- 
tributions as I see them that have come out of the Clinic, and to appraise 
as best I may the effect that this unique institution, during its more than 
one-half century of activity under the guidance of these two extraor- 
dinary brothers, has had upon the progress of medicine and surgery. 

In the recent death of the Mayo brothers, William James Mayo and 
Charles Horace Mayo, the world of surgery has suffered a grievous loss. 
In their work thej' were alwaj's so closelj* associated with each other 
in the minds of their friends and associates of the profession that it is 
impossible to think of one without the otlier. The example wliieh tliey 
have set in devoting their lives to the betterment of their profession 
is eertainly one for succeeding generations to emulate. Not only did 
they witness in their lifetime the phenomenal development and gi'owth 
of modern surgery, but they themselves contributed to it in large 
measure. 

Aided and stimulated by their remarkable father, William Worrall 
Majm, thej' brought about a new development in the practice of medicine 
and surgery; namely, the gathering together of a group of men well 
ti’ained in the different departments of medicine, and tiic establishment 
with their aid of a Clinic for the twofold purpose of studying and treat- 
ing diseases of all kinds and of training physicians and surgeons along 
scientific and practical lines. Their Clinic, a model of its kind, has con- 
tributed gi-eatly to the science and art of surgery. The Mayos have 
shown what can be accomplished by moans of thorough organization, 
careful selection of capable and well-trained personnel, and unfailing 
erseverance in the pursuit of an ideal. Anyone who has visited 
Rochester Minn., and has familiarized Iiim.self at all with the character 
and extent of the work done there must have been deeply impressed by 
what has been accomplished. 


1T6 
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George Crile, IiI.D., Cletoland, Ohio 

D r. william J. IMAYO and Dr. Charles H. Mayo came of a line 
of iihysicians Avhicli had extended back to the middle of the 
seventeenth century. Their father, Dr. W. W. Mayo, was an out- 
standing physician and surgeon who had been instructor in chemistry 
and physics at the Bellevue Hospital Medical School before receiving 
his medical degree from the Univei’sity of Missouri. During the 
Civil War he was provost surgeon for Southern Minnesota and in 
charge of recruiting stations. In 1863 he moved to Rochester, Minn., 
which was to become a world mecea. With the indefatigable and 
progressive spirit manifested later by his distinguished sons. Dr. 
W. W. Mayo took a postgraduate course in medicine and became a 
leader and organizer of local and national medical societies. He was 
also the founder of St. Mary’s Ho.spital which has played so prominent 
a role in the development of the Mayo Clinic. 

William J. Mayo graduated in 1883 from the University of Michigan 
Medical School and his brothei*, Charles H. Mayo, graduated in 1888 
from the Medical School of Northwestern University in Chicago. As 
the inclination of each was toward surgery, they began their surgical 
experience under their father’s guidance at St. Mary’s Hospital in 
Rochester. 

From the very beginning the active personality of Dr. AY. AY. Mayo 
had appreciated the advantage of the association of the practicing 
physician with the practicing surgeon. His feeling as to the impor- 
tance of this conception in general diagnosis was emphasized by his 
association with the practicing surgeons of his time. Thus, the 
“group” idea really originated with Dr. AA’^. AY. Mayo. 

To me, as I knew Dr. AA’’. AA’’. Mayo in his later years, his spirit was 
well illustrated by the fact that in his eighties he took a trip to Japan 
alone, ‘‘to keep from getting rusty,” as he put it. It is my impression 
that had he started where AA'ill and Charlie began he would have had 
a similar brilliant career — considering his originality, vitality and his 
appreciation of group practice. 

Dr. AA . AA . Alayo’s two sons as students assisted him with his patients 
and with minor operations. He chose for them two excellent medical 
schools; after their graduation they began to practice with him, so that 
no small i)art of their clinical training and of their impressions of the 
value of group practice they derived from their fathei'’.s practice. 

It will be of intei'cst lo com]>arc the state of the science and the art 
of medicine in ISS.f, wlien the elder of the two brothers began his 
practice, with tlie general .status of the United States tlicn. Ai that 
time the total l)opnlation of the United States was in round mnnbers. 
.^O.I.'m.OOO: Chicago had a i.opnlation of "lOO.OOO: New A'ork City, a 
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As additional evidence of the type of men the IMayos were, they 
were not spoiled by their success or the many honors heaped npon them 
by institutions of learning Ijoth in this country and abroad. They re- 
mained to the end always the same charming, approachable, human men, 
a delightful stimulus to their professional friends, a tower of strengtl’. 
to their patients, and benefactors to mankind. 

"While it may be true, as claimed by some, that their individual con- 
tributions to scientific surgery were not outstanding, still it is an open 
question as to which confers the greater benefit upon mankind, the 
simple discovery of a scientific fact or the practical application of that 
fact to human needs and the popularization of it so that the greatest 
good therefrom will come to the greatest number. Although it is un- 
doirbtedly true that sufficient time has not as yet elapsed to afford a true 
perspective as to the lasting effect upon the practice of surgery of the 
contributions of the hlayo brothers, time and accumulated experience 
will determine the true verdict. Meanwhile, informed members of the 
medical profession, surgeons in pai'ticular, are confident that the 
progress of surgery as a whole has been tremendously advanced by the 
judicious testing of the newer methods and by the mature judgment of 
the Mayo brothers. 

For many years the Mayo Clinic has furnished, as it were, a Supreme 
Court for estimating the real value of the various new surgical pro- 
cedures suggested from time to time. "What a satisfaction to a young, 
inexperienced surgeon to know that a certain surgical procedure has the 
appro^'al of the Mayos! With how much greater confidence and assur-. 
ance he attacks his problem ! Along the special lines indicated above, 
the brothers have each made substantial contribrrtions to our knowledge 
of the subjects treated. The mistaken idea that seems to prevail in cer- 
tain quarters that surgical research is confined to operating upon ani- 
mals has been largely disproved by what has been accomplished in the 
Mayo Clinic. The additions to our knowledge as to the causation, clini- 
cal history, the simplification and perfection of the operative technique 
in the treatment of the surgical affections of the gastrointestinal tract 
and the thyroid gland, to mention only two subjects, are such as to 
establish beyond question the research value of the work done by them. 
The impre.ssion that has been made upon the practice of medicine and 
surgery by the ^layo brothers through the Clinic established by them 
has been far reaching, and its beneficent effect will be lasting for gen- 
erations to come. 
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tions loi‘ carcinoma, the oj)ening of tlie slcnll for tumor, the removal 
of diseased kidnej’s. A little later the klayo brothers took part in 
the opening of the field of goiter and neck surgery, the field of surgery 
for peptic ulcer, and the extension of plastic surgery. They also had 
the adventure of seeing the development and extended application of 
local and general anesthesia, blood transfusions, the prevention of 
shock, and the better preparation of patients to withstand surgical 
operations. 

Dr. W. W. Mayo died in 1911 happj^ in the knowledge that during 
his lifetime the groundwork laid by Pasteur and Lister had permitted 
the development of brain surgery and cancer operations to such a point 
of safety that these difficult procedures could be undertaken with the 
same amount of ease as a hernia operation was handled during the 
days of his earlier practice. 

It had been the good fortune of the ]\Iayo brothers to travel widely 
in America and abroad and thus to bring back new ideas to their 
Clinic. They early applied the pidnciple initiated bj’- their father of 
associating themselves with men skilled in diagnostic methods. They, 
and the other men who shared this period, had the privilege of rising 
with the tide of immigration and increasing wealth, together with the 
upward spiral of advancing medical discoveries. And with this they 
were able to see the extension of the principle of group practice in 
many parts of the United States and especially in the development of 
their own Clinic in Rochester, Minn. 

In view of the fact that agriculture and industry have reached a 
more stable condition and in view of the fact that their progression has 
not quite so much room for expansion compared with the enormous 
advances made since 1883, it is not probable that an advancement 
equal to that of the last fifty years can be expected in the coming 
fifty years as far as surgery is concerned. The great advances will 
l)c in internal medicine and in a belter under.standing of the physical 
nature of the animal mechanism through physics and chemistry. 
With this better understanding of the physical nature of the animal 
mechanism will come a great expansion in the field of preventive 
medicine. 

The Jlayo C'linic h'oundation in tiie imst has been a lender in the 
application of each new advancement in the entire domain of medicine, 
surgery and its speeialtie.s. The Mayo bi-othcrs have generously 
contributed in researcli to llie art and tlie science of medicine in their 
periovl of activity and iiuve .set uj) an endowment fund to perjteluate 
their work. During their lifetime they eontril>uted to the sick man of 
today, and in their perfectly organimi Medical ('linie they are con- 
tributing aid to the sick man of tomorrow. This constitutes a great 
memorial, tiot only to Dr. M'illiam 3. .Mayo and Dr. Charles II. Mavo 
hut also to their father. Dr. W. W. Mayo, ' ‘ 
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population of 1,911,000; and Cleveland, a ijopulation of 160,000. At 
the present time the population figures have jumped to 129,257,000 for 
the United States; 4,364,000 for greater Chicago; 7,960,000 for greater 
New York, and 1,271,000 for greater Cleveland. With this growth 
in urban population the Mayo Clinic with its rural setting kept pace. 

Thus the vigorous seedling of grouiJ practice planted bj' Dr. W. W. 
Mayo was fostered and nursed by his two famous sons, not onty under 
the most rapid develojonient and expansion of the United States 
through the tide of immigration which has continued to rise until the 
present time, hut also under the most rapid development in the science 
and in the ai't of medicine. 

It should he remembered that, when Dr. W. J. Mayo graduated 
from medical school in 1883, anesthesia was in its infanej’", for, al- 
though anesthetics had been administered since 1846, the favorable 
and unfavorable indications for the depth of anesthesia under varying 
conditions were but little understood. 

Only sixteen j^ears before Lord Lister had published his revolution- 
izing treatise, On the Antiseptic Prineipte in the Praetice of Surgery, 
which converted the operating rooms of that time from pestilential cham- 
bers to the aseptic perfection they now represent. At that time a car- 
bolic spray was used freely in the operating room, and septicemia and 
wound infections were such a menace that the slaill, abdomen, bladder, 
joints, bones, and spinal cord could not safely be operated upon. To 
be sure the abdomen was opened and a limited range of operations was 
performed, but infection often proved fatal. Surgery then was largely 
devoted to the care of accident and emergency cases; at that time 
there were almost no cases of cured carcinoma of the breast or uterus. 


The entire medical practice in the ISSO’s was sharply divided into 
either general medicine or general surgery, with none of our present- 
day specialization. The general medical man took care of pediatries, 
obstetrics, and psychiatry, while the general surgeon corrected de- 
formities, set bones, operated upon the urinary tract, removed tonsils 
and adenoids, and removed injured eyes. The jMayo brothers were 
such general surgeons, their practice consisting of attending wliocver 
was sick whether the problem was surgical or not. 


In the ISSO’s and 1890 ’s there was no ncurosui-geiy and no genito- 
urinarv surgery; all the specialties were taken over by the general 
surgeon So, Dr. AV. L Alnyo and Dr. Charles 11. Jlayo in common 
with McDurney and Bull (New AMrk), Kiehardson (Boston), Keene 
and Gro-ss (Philadelphia). Ilalsted and Finney (Baltimore), Alurphy 
"nd Ochsiier (Chicago), Huntington (San Franei.seo), and -Matas (New 
*0 I ans)— in common with all of the men of this pei'iod, they enjoyed 
tlVthrill of c.xcitement in the opening of the various fields: the 
^ fPe obdomcn, the removal of pus tnbc.s, the various opera- 
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benefited ivom this form of treatment; and (4) tlie recent experiments 
emphasizing the tremendous roles that minute quantities of chemical sub- 
stances, known as hormones or vitamins, may play in life— all give evi- 
dence that modern medicine is indeed one of the most brilliant move- 
ments in applied science. 

Whether this public interest is something deeper than curiosity and 
whether it can be relied upon as a potent factor for the common good 
have not been demonstrated. Indeed, a study of the historical back- 
ground of siu’gery invokes in the mind of the medical scientist a distrust 
of the public. One has only to recall the many great figures of science 
who were either scorned by the people or actually tortured, because their 
discoveries, soon to benefit mankind, seemed at the time unorthodox. It 
may not be common loiowledge that Michael Servetus, ivho discovered 
the pulmonary circulation, was buimcd at the stake along with aU his 
books because he dared to state the truth. And we have only to mention 
that during the Sliddle Ages the Clnu'ch frowned upon anatomy and 
surgery, and that the Edict of Tours (1165, Ecclcsut ahhorret a san- 
guine) declared surgerj^ was not I'cspeetable. The feeling became so 
strong that the School of i\Iedicine at ilontpelier issued a decree that 
none of the students should practice or study surgery. 

Even recent American medical histoiy is replete with incidents of 
how the public attitude erected barriers to progress. It should be com- 
mon knowledge that Dr. Zabdiel Boylston, of Bi’ooldine, Mass., when he 
first inoculated a man for smallpox, was chased by a mob, and that his 
life was tiireatened so that he had to liide in his house. The early his- 
toiy of the Haiward SIcdical School is a good example of the dangers 
involved in teaching medicine. Obiiously, anatomy had to be taught, if 
the public were to receive the benefits of good medical pi’actices ; yet 
bodies were not procurable. Grave robbing ivas resorted to, causing 
difficulties with the police which have been vividly described by -J. C. 
Warren,' later to become Professor of Surgery and Anatomy. His ex- 
periences emphasize how greatly public opinion is influenced by senti- 
ment, not reason, and how such a sentimental view may impede progress. 

Less than a century ago there was no ane.sthe.sia in the modern sense; 
bacteria, as the cause of infectious diseases, wore unknown; and medi- 
cine, as we know it today, did not exist. In 1846 ether was di.scovcrcd 
and given to the world (chloroform appeared the next year). Then the 

dark days of nu'dieine ’ ended, only to return to confound and ter- 
rorize both physician and ])ntient as operations were followed by infec- 
tion, To be .suie, men could be put t») sleep, and the terrible di.s- 
orders fioin uhieli they sufiored could he removed painless! v with tlie 
knife or the Ciantoin. But this gift of anesthesia jiroved at fir.st ,a eu);sc, 
for mail did not understand at this time that bacteria lurked everywhere! 
Tlie doctor did not know that his instruments carried liltiiy organisms, 
and therefore «lenth. to his patient. The slightest u.se of the scalpel 
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EiiLiOTT C. Cutler, M.T)., Boston, SIass. 

W)iat is it to liavo lands and liouses, to abound 
in silver and gold, to be decked with pearls 
and diamonds, yes, and to possess the whole 
world, to rule Nations and countries, and to lack 
health, the chiefcst jewel and greatest treasure 
of man’s life and delight. 

— Thomas Vicary, lodS. 

I ‘HERE could be no move appropriate ]>]ace for a discussion of ani- 
mal experimentation than in a collection of papers dedicated to flie 
In others, William and Charles Mayo. Their good deeds for suffering 
humanity, every fragment of tlieir life’s work, and tlie very pedestal 
on which their success depended were derived from animal investiga- 
tion. ^ It is time that every doctor took up the cudgels in defense of 
experimental medicine and explained to tlio laity how the advances in 
the healing art have come about largely through the use of animals. In 
particular, it should be understood that the science of bacteriology is 
the very basis of surgical practice. Before tlic advent of bacteriology, 
surgical operations were attended with almost inevitable sepsis, so that 
hospitals came to be looked upon by’ suffering human beings as places 
definitely unhealthful for them to enter. With the coming of the study 
of bacteria as the cause of infection and witli slow and continuous ani- 
mal iiiA'estigation, which proved not only how bacteria cause disease in 
living matter but how the bacteria can be killed off so that infection is 
not passed from individual to individual, came the fir.st stops in modern 
sui'gieal advance. On these animal inve.stigations aio securely ereetod 
our present methods of sterilization. Without such methods, the sur- 
gery of today could not exist. It would a])j)oar that liieso facts arc not 
widely’ disseminated among the public. 

The extraordinary interest of the news-reading public of today in 
scientific matters is an excellent gauge of the si)rcad of education to :dl 
classes of our people. Tliis general intiiiisitivenc.ss for scientific knowl- 
edge has led to a special interest in those matters dealing with ])ul)lic 
health and, indeed, with all medical affairs. Man, havitig spent cen- 
turies discussing his soul, has at last become interested in his body. 

There appears to be some justification for this special interest in mod- 
ern medicine, for (1) the great extension of life in recent years, flue 
largel.v to man’s knowledge of the role of baetei-ia in infeclioii.s di.soase.s 
and hence of how to avoid infections; (2) the recent successful attacks 
on other types of disease, ns seen in the present methods of treatment 
for diabetes and pernicious anemia; (3) the rajiid jwogre.ss of surgical 
therapy' to the point where a majority of our citizens have at some time 

1S2 
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This brief recital of the advance of medical progress is but a promise 
' of the future. Do our people know why, in the graveyards of New Eng- 
land, so many wives lie beside one husband? Do tlie rows of little stones 
about the headstone of a family mean nothing? The history of bac- 
teriology is available to all. Can thej^ envisage their great-great-grand- 
fathers strapped to a wooden table and writhing in pain whilst the best 
surgeon of that day groped in his dii-ty bag for the Imife with which he 
opened the bladder for removal of a stone that made life a hell on earth ? 
The blessing of anesthesia has done away with all this suffering. Why 
is it that so much smugness settles upon a comfortable people? Our 
citizens avoid these terrible calamities because scientists have toiled in 
the night against the same eomplacencj" that now encompasses this gen- 
eration. Our ancestors made laws that made the proper studj'^ of dis- 
ease a crime. Bodies were not allowed for dissection, and the use of 
animals was decried. A few saw the light of greater comfort and hap- 
piness, and sti'uggled on, criticized by the “good people” of their day, 
chased by the police, and blasphemed by those they sought to help. These 
few had to rob graves of their occupants in order to teach the next gen- 
eration enough anatomy to bring comfort to our generation. Experi- 
ments upon animals were surreptitious affairs. 

The laity vdll smile at this recital of earlier days, but are they really 
helping their own generation and the generations to follow in any better 
fashion? Do they know where the bodies needed to educate those who 
arc to care for their children come from? Each year the number avail- 
able decreases. The coroner takes the bodies of the criminals and every 
accidental death, even if he does not examine them. The State Hospital 
official is afraid of criticism if he gives up bodies, even under the law. 
In at least one state a law lias even been proposed that the state give 
proper burial to unclaimed people, a move which would destroy even 
the meager supply now remaining. Soon the young doctor will have to 
learn his anatomy on living bodies, i.e. his patients! And as for ani- 
mats — over 50,000 are sacrificed each year by a single x\nimal Eescuo 
League, wliile the scientists must pay great prices for strays brought to 
them. One can properly state that about .$1,000,000 is paid out each 
year for animals used in research laboratories in the U.S.A., while a 
hundred times more animals than would be ref|uircd are put to death 
iiy Animal Rescue Leagues, etc. Thus, $1,000,000 a year which might be 
devoted to the euro of human suffering is needlessly expended. 


How does this come about? Bceausc the healthy citizen neglects his 
duty of eiliz.enship and allows a misguided minority to inject sentiment 
into oiir laws, to sid aside reason, and thus to jeopardiz.c his health and 
the iiealtli of his family. Eueli year new haws arc proposed making the 
use of nninmls for scientific purposes more difficult. Each year workers 
m hdioratiiras imisl stop \vork and hie themselves to Committee Rooms 
m tlie . tate Houses of our country, liicre to be maligned as cruel mon- 
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meant grave infection. Women pnt to sleep to ease their pains during 
childbirth were infected by the doctors who sought to bring them com- 
fort. No wonder that in those times people looked askance at hospitals 
and feai-ed to go to them ! 

It was a full thirty years moi'e before the discovery of bacteria by 
Pasteur and Koeh and the application of their discovery to surgery by 
Lister taught the medical profession that, if they would make progress, 
they must study bacteria ; they must find out how bacteria give rise to 
diseases ; and they must learn horv to rid the operating rooms and the hos- 
pitals, as a whole, of bacteria. The innumerable experiments upon ani- 
mals necessitated by these studies undoubtedly resulted in suffering for 
a gi-eat many creatures. We should not hide the fact, but now we, wlio 
benefit from these studies, should make acknowledgment both to the ani- 
mals, who have made our lives safer and more comfortable, and to the 
investigators, who had the courage in the face of hostile and bitter criti- 
cism to carry forward their works. AVe sliould not har'c knomi liow to 
sterilize all the materials used in operating rooms today, unless we had 
found out upon animals what organisms did when they entered a living 
body. Thirs, every person today whose life has been saved or made more 
comfortable through a surgical operation owes a deep debt of gratitude 
to the animals concerned with this development. One should not de- 
ceive people. Though there be those rvho object perhaps to what has 
gone before, they mirst be willing to balance against these experiments 
on animals the thousands of children saved from diphtheria and the 
countless lives made comfortable through surgical operations for acute 
appendicitis, strangulated intestines, or tumors of the womb. 

Not only has man benefited from these experiments, but the animals 
themselves have benefited. Texas fever, which at one time destroyed a 
great part of the cattle bound for tlic meat markets, has now disappeared 
becaiTse Theobold Smith used a few animals in studying the transmis- 
sion of the disease from steer to steer through a tick. Similarly, hog 
cholera, which decimated swine, is now under control because of a few 
animal investigations. The foot and mouth disease, through a similar 
group of experiments, has practically disappeared from this country. 
Indeed, experiments made to protect animals have frequently rcstiHi'd 
in benefit to man. Tints, the drug which Alauricc Ilall found would 
cure hoolavorm disease in dogs later proved effective in man and allevi- 
ated the suffering of millions of our own genus in the South. And 
what of the beneficial and lielitfiil surgery now jierformed on horses, 
cows and dogs for their own good and comfort? The groat good to 
animals that goes on in the many splendid animal hospitals set up hy 
Humane Societies could not exist unless tlie role of bacteria in relation 
to infection had been discovered by animal exiterirncnts. 1’hink of the 
protection to animals given by vaccination for rabies, for horse erieei.ha- 

litis. and for distcm[>cr! 
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ner upon patients in hospitals. Neither investigators in the laboratories 
nor the doctors in the hospitals give anesthesia for the taking of blood 
specimens, for the passing of a stomach tube, for a lumbar puncture, or 
for like procedures. jMoreover, further control exists by reason of the 
fact that no editor of a reputable medical journal will publish the re- 
sults of experimental work if cruelty to the animals has unnecessarily 
occurred. And the profession of medicine itself frowns on work that 
does not protect carefully the experimental animals. 

With this understanding we propose that the time has come for the 
more intelligent application of scientific labor for the improvement of 
our health and comfort. We need a law that gives unclaimed animals 
without cost or quarrel to reputable centers for medical study, such as 
our medical schools. Thus, at no financial outlaj- an adequate supply 
of animals would he available, funds previouslj^ spent for the purchase 
of animals would be released for greater efforts in combating disease, 
and those who labor daily for the public good would be encouraged to 
greater efforts by this attitude and this assistance. Further, the laws 
concerning unclaimed bodies must be changed in some states, making it 
mandatory ivith state institutions to turn over unclaimed bodies to the 
already prescribed institutions. Thus will a beneficial impulse be given 
to the betterment of public health. 

REFERENCE 

1. Warren, Edward: The Life of John Collins Warren, :M.D., Boston, 1860, Ticknor 
and Fields, Chap. XXVI. 
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sters, in order to defend the present laws and to prevent the passage of 
new laws that would make fruitless the continuance of tlieir efforts for 
tlie i’elief of suffering. The people who attempt such changes in laws 
often wear feathers, plucked in some instances from living birds; they 
eat meat which is more tender because a farmer without an anesthetic 
removed a part of the animal’s body with a knife, when the animal was 
3 mung ; thej'’ often wear around their necks furs secured from animals 
trapped in the north and allowed to freeze to death Avith a leg broken in 
a steel trap. Fur trappers have stated that, for every fur brought in 
from traps, tAVo to five other animals have been eaten from the trap by 
predatory birds and beasts. And thej’’ call scientists cruel! All tlic 
laboratory^ experiments of the last fifty .vears have not caused as much 
srrffering as the preparation of meat for our markets in a single year 1 
The use of animals in laboratories is earefull.r’’ protected. The folloAV- 
ing rules liang in each reputable laboratory in the United States and are 
carefully enforced. These rules are based on the principle that animals 
in laboratories shall be afforded the same care that is given patients in 
hospitals and that the inflictioir of pain shall be avoided in the same man- 
ner as it is in hospitals. 


RULES REGARDING ANIMAr.S 


I. Vagrant dogs and cats brought to this Laboratory and purchased hero shall 
be held at least as long as at the City Pound, and .■shall be returned to their owners, 
if claimed and identified. 

II. Animals in the Laboratory shall receive every consideration for their bodily 
comfort; they shall be kindly treated and properly fed; and their surroundings shall 
be kept in the best possililc sanitary condition. 

III. No operations on animals shall bo made except with the sanction of the 
Director of tlic Laboratory, who holds liinisclf responsible for the iiuportaneo of the 
problems studied and for the propriety of the procedures used in the solution of 
these problems. 

lAL In any operation likely to cause greater discomfort than that attending 
anesthetization, tlic animal shall first be rendered incapable of perceiving pain and 
shall be maintained in tliat condition until flic operation is ended. 

Exceptions to this rule Avill bo made by tlio Director alone and then only when 
anesthesia would defeat the object of the experiment. In siieli cases an anesthetic 
shall be used as far as possible and may be discontinued only as long as is abso- 
lutely essential for the necessary observations. 

V At flic conclusion of the e.viicrinient (he aninini ."hall he killed painle.s.sly. 

Ex'ceptions to this ride will bo made only when eontinu.anee of the nnininr." life 
is neces.sarv to determine the result of the cxjieriment. In that ease, the siinie aseptic 
precautions shall be observed during tlie operation and as far as possible the same 
earc shall be taken to minimize di.seomfort.s during the eonvnlescence lus in a hos- 
pital for human beings. 


Thus opcrntioiis upon tminmls arc conrhiclml iimlcr anesllielif's c.v- 

tlv ns oporntions upon man, and Hic atiitiinls arc eqiially well cared 

I know of no laboratory exfwrimciit.s on nnimal.s done today wltli- 

.inesthesia wliich would not be done in tlic same man- 
out general or loi.n oo'- 
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and operations directed to relieve them are more readily undertaken 
liy the surgeon* That any surgical procedure can be devoid of all 
danger is still a hope of the future; on the other hand, the evidence 
for or against elective surgery must be carefully weighed. An opera- 
tion in the early stages of biliary tract disease often forestalls an 
urgent surgical need that may come in later months or years. This 
unavoidable surgical problem may be ten times as dangerous as an 
operation at a time of election and before the disease has caused 
damage to the liver, pancreas, and other neighboring structures. These 
factors have brought about an increase in operations on the gall 
bladder and ducts as soon as evidence is clear that these are diseased. 
Thus, it is important that these operations be undertaken in such 
a manner that fatalities will lie rare and serious damage to vital struc- 
tures will not often take place. One of the most tragic surgical acci- 
dents is injury of the common duet during eholeeystectomy. These 
patients often do not die soon after the operation but remain alive 
as invalids for years. Restoration of the duct continuity becomes 
increasingly difficult as the weeks of hopeful waiting pass by. 

This leads me to stress an operative technique that will be associated 
with very rare injury of the common or hepatic ducts or an accidental 
ligation of the hepatic artery. There are many anomalies of the 
ducts and, occasionally, the hepatic artery actually crosses the surface 
of common hepatic duct in a diagonal direction. In the dissection re- 
quired to expose the cystic artery and cystic duct, there often occurs 
some bleeding; this may obscure the anatomy of this region to an 
extent that structures are mistaken one for the other. It is obvious 
one should never clamp and divide any vessel or duet under any cir- 
eumstances that fail in the accurate identification of the cystic duet 
and artery and the common hepatic duct. In fully 50 per cent of the 
patients who are operated upon in the Massachusetts General Hospital 
for biliary tract disease, this dissection cannot be made with accuracy 
and safety if this part of the operation is undertaken while the gall 
itladder is still in place. Varying degrees of inflammatory reaction 
in this region and the contour of the imtienl account for this difficulty. 
That an cx])crienccd surgeon may safely make this dissection in nearly 
every instance without damage to neai-by structures is admitted. That 
this is the method of cholecystectomy which should be taught, as the 
correct one, to younger surgeons is strongly questioned. 

t'holeeystcctomy from the fundus toward the ducts is an old proce- 
dure. As a matter of fact, piadurbly all of the early operations wore 
carried out in this manner. Anatomical dissection from the ducts 
toward the fnndus is a natural re.suU of the more aeenrnte knowledge 
of ;iiia(oiiiy by tlie operating surgeon and iiis correct effort to secure 
the blood supply before tlu- removal of any ])nrl, When exposure i.s 
ideal, this type of operation simplifies the proeodure of choleev.slce- 



TIIK SUU(il(:Ah :\IANA(;HMI-}NT of tjik usual 
kxtraiihfatk; luuiAin' lfsions 

AuTiii'it W. Ai.i>i:n', iM.I),, Boston, JIass. 

(J'riiiii the Siirjiiral .'tt rrirr of Ihr Mo'^MirliKsi lIn (tinrrnl lIos\ntol) 

S IN(,B‘j (lie early days of eleetive surgery, diseases of (he gall bladder 
and bile duets have afl’orded (be surgeon many interesting problems. 
The first bold atteniiits M'ere directed toward the simjdc drainage of 
an acutely swollen gall bladder with (be removal, if ]>nssible, of the stones 
within it. With the advent of .satisfactory anesthesia, these operations 
were gradually replaced by e.xtirpalion of the inflamed structure. As 
surgical asejisis and lochni(|ne imiiroved, the interval remov.al of a 
gall bladder containing stones that had ])rodnecd recurring attacks of 
inflammation or even colic became a common jiractice. The safety of 
simple drainage as oiijmsed to cholecystectomy was a chief source of 
debate among surgeons a little over a quarter of a century ago. That 
those ]uiticnts who survived (he more radical operation were more likely 
to remain symjitom free than tho.se who had simple drainage was soon 
established. It did not take long to reverse the mortality figures since 
the drainage oi)cra(ions were i-eservcd for tlie vovy ill or feeble patient, 
while cholecystectomy became a routine practice whenever feasible. 

Operations on the common hei)alic bile duct were undertaken onlj 
when symptoms and signs developed indicating a stone in the duct. 
These were usually after cholecystectomy had failed to bring relief and, 
practically, the only indication for duct exploration was jaundice that 
had followed biliary colic. As time and experience progressed, it became 
obvious that other signs and symptoms Averc indicative of duct pathologj". 
We are now faced Avith the problem of exploring the ducts in a consider- 
able proportion of primary operations on the biliary system. It has 
been slioAvn that approximately 20 per cent of all patients noAV operated 
upon for stones or inflammation in the gall bladder also Avill have 
stones in the bile ducts. That many of these stones are small and pass 
through the papilla of Vater Avith or Avithout pain is Avell established. 
It has been recognized, hoAvever, that the chance of having these duet 
stones produce symptoms requiring further surgery is likely. For 
this reason, the ducts should be explored at the primary procedure it 
the indications of trouble Avithin them are evident ; these are based on 
the history and physical signs present before operation, as Avell as the 
0 ^ .Piio-s at the time the region is exposed. 

^ qjncp diagnostic methods^ have progressed to a point Avhere posi- 
. ^ -/t nee of biliary tract pathology can be made by the roent- 

tive evi^ e ^ ^ime of election have become more fre- 

genologis, P more willing to submit to elective surgery 

quent. Patients 
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during certain phases of inflammation. Having this in mind, it oc- 
curred to Rowley® to use artificial edema in the peritoneal covering 
of the chronic gall bladder and thus make the dissection easier. The 
principle for this aid in separating delicate tissues was probably first 
advocated by Bevan'* in his article on the technique for opei’ation on 
the undescended testicle. I have found this method so successful that 
now cholecystectomy from the fundus toward the ducts is a simple 
and satisfactory procedure ; rarel}’’ is there any break in the continuity 
of the underlying muscular and mucous coats so that the operation 
progresses in an orderly fashion. Having freed the gall bladder well 
down to the ampulla and secured the venous communications, one 
then places a moist gauze pad in the liver bed and, by retraction in 
two directions, exposes the duct area accurately. Danger to the 
common duet and the hepatic artery is thus reduced to a minimum, 
since they are approached and visualized as they are directly ex- 
posed from above. 

We have attempted to trace the type of operation done in every 
instance of damage to the common duct that has entered the Massa- 
chusetts General Hospital. In only one patient in this group was the 
duct injured when the operation had lieen carried out from the 
fundus toward the ducts. This indicates that the procedure we recom- 
mend is not entirely devoid of danger but that eatastrophies are less 
likely to occur. It has been frequently stated that the questions of 
courage, knowledge, and skill are all at stake if one deviates from 
the so-called anatomical operation of cholecystectomy from the ducts 
toward the fundus. This attitude has caused many young surgeons 
to make an en-or in judgment in the presence of inflammatory reaction 
that would challenge the most experienced man in this field. Little 
has been said in recent years concerning a safe and orderlj’- operation 
carried out as described above. We feel that it is wise to teach this 
method to the resident staff and urge them to carry out this procedure 
in easy cases at first, so that the technique will not be difficult for 
them when they are faced with the deeply placed, adherent, or in- 
flamed gall bladder. 

In our clinic there has been a run of 4.32 con.sccutive cholecystectomies 
m the past four years with 7 deaths, a mortality rate of 1.6 per cent. 
In the previous five-year period there were 22 deaths in 751 chole- 
cystcctomics. a mortality rate of 2.9 per cent, giving an average mor- 
tality rale for nine years of 2.45 per cent. Common duet explorations 
Were carried out in conjunction with cholecystectomy in 35 per cent of 
patients operated n]>on between 1931 and 1939. During the past four 
yeans, this figure rose to 44.2 per cent. In this latter group .stones 
were found in the ducts in 20.7 per cent of all the patients operated 
upon or less than one-half of the ducts explored. About G per cent 
more of these were, found to have an abnormallv tight .splnnc.fer of 
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loniy. Division of llic oyslio ;irtcry (loc-ronscs llic i)lcc(]ing during 
llu; rcMiiiiining' dissootion. Uiiforfiiiiatrdy, siudi a jo-occdu re frequently 
results ill the removal of that jiorlioii of the fibrous capsule of Glisson 
that jiroteets the liver. If this is lost, closure of the raw liver .surface 
is (liflieiilt and there is eoiisiderahlo .seejiafre fi'om small bile .simi.se.s 
as well as from veins in this area. It is en.sy to forget that there is 
no eystie vein aeeompanyiug tin* artery. 'J’lie venous return from the 
gall bladder is through muiti]>lc small veins going directly into the 
liver. 'I’he need of attention to the liver bed has caused Thorek- to 
recommend leaving the entire thiekne.ss of the gall bladder attached to 
the liver and destroju'ng the mucous lining of this remaining segment 
by electrocoagulation. This, and other papers on the subject, would 
lead one to believe that it may be the usual custom of some surgeons 
to denude the liver bed when removing the gall bladder. It has long 
been a practice in our ho.spital and eLsewherc to carefully preserve 
enough of the posterior serous coat and the fibrous capsule directly 
between the gall bladder and liver .surface fo peritonealize adequately 
this defect. This refinement is of great impoidancc since often, when 
neglected, the duodenum becomes firmly fixed to this raw area by 
dense adhesions. Not only will such a complication frequently cause 
serious digestive symptoms, but the hazard of any future operation 
in this region is increased. I am convinced that this area should be 
left dry and that careful peritoncalization is to be accomplished at 
all costs. This can be more easily arranged if the dissection is carried 
out from the fundus toward the ducts. The objection to the method 
is increased bleeding during the operation; this can be easily con- 
trolled by a painstaking ligation of the venous channels as thej^ are 
exposed. Also, when small stones are present in the gall bladder, they 
on occasion maj’ be forced through the cystic duct during the neces- 
sary manipulation of the gall bladder. It is often possible to isolate 
the cj’stic artery and duct at the beginning of the operation and place 
upon them temporary clamps. This obviates most of the objections 
and it immediately occurs to everyone that, having done this, whj’ not 
carry out the dissection from below upward. The reasons are chief!}" 
that in many instances these clamps will be found too near or too 
far away from the common duct and that actually they have not 
been placed where they should be for best results. Also, as stated 
above, it is frequently impossible to prevent a portion of the fibrous 
attachment from pulling away from the liver bed. Once it is detached, 
there will be a certain amount of bile and blood leakage from this 
denuded area in spite of any effort to combat it. That such may not 
interfere with a successful outcome is admitted, but serious complica- 
tions can arise from this source. 

\V have all noticed the ease with which the peritoneal covering 
f the gall bladder can be separated from the underlying structures 
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tory or operative findings are correct, we will have to expect a high 
percentage of negative explorations. On the othei’ hand, we will over- 
look stones in the dncts of many patients who will continue to have 
symptoms if we do not investigate the duets when there is reasonable 
evidence that a stone or a constricted papilla exists. With this in 
mind, we must standardize our duct explorations in such a manner 
that this added procedure does not increase the danger out of proper- 



2. — Sc)ienmllc drawing to denionstralo the uiethocl of producinjr artlOcial edema 
of the jrall hhidder wall. Sterile water, jvilt 5:oliition, or novocain .‘solution may be 
Temporary clamp.M placed on the cystic artorj’ and duct decrca.se the bleeding 
and prevent small .stone.s from beinp: manipulate<l into the common duct during: the 
dissection. Thc'.«e are unimportant fealurc.s and such clamp.s .should he cautiou.sly 
Pjaoed. Tlie in.sct .s?io«*.s by cro.^.s .section a small segment of the wall of the pall 
"hadder Indicating the Ideal cleavaKc plane in which to Introduce tlie fluid. The 
artiiiclal edema outllne.s the Idood vessels more clearly. The incision tUroUKh the 
peritoneal surface can he made into tlii.s e<leniatou.s area with little danirer of penetrat- 
inj^' the deeper coats of the pall bladder. 

lion to llio rewards for sueli interference. In our Iiands tliis is carried 
out. in a .systematic fa.shion. Perfect exjiosure of a segment of tlic 
supraduodenal portion of the duet must ho ol)tained. Usually, it is 
wise to free llie out(‘r attaelimenis of the duodenum so tliat tliis struc- 
ture can he i-olled toward the median line. Tiie duet is a.sj)irated willi 
a tine hypoderniie needle, an jini>oHanl ]ireeaution regardless of the 
aiipcaranee of the bile withdrawn. Wiu'u ]ii>ssil)le, the eonnnon duet 
is opened distal to tlio eyslie duet, hut there is great variation in the 
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Oddi riius, It IS (!vi(ioiit (lint tioimuon duel explonifion w;is carrief] 
out nlioul twice as often ns was iieeessnv.v. We Jiave earefnlly studied 
the records in these eases to aseerinin the indications for ’duct cx- 
p oration and tiiid it difliculf to cite many instances where the pro- 
cctiiu was unjust ifialile. tlid roinovo stuno.s from a ecrtaiii iiuml)cr 
of duels of mvim\ nho or loss ^v\wn \hc irulionlions wore cwmL In 
onr series the most rclialile symjitom of common duet .stone, other tliaii 
.lanndiee, wa.s freiimmey of at lacks. Tn 0(5 jiatienls wlio iiad attacks of 
pain as often as seven or loss days ajiarl, we found stones in the ducts 



1.' — Schematic drawinp representing nclliesions about the lower segment of the 
gall bladaer and hue ducts. This is a froQuent finding and often under these circum- 
stances the dissection required to expose the cystic duct and artery is accompanied by 
enough bleeding to obscure the field. 


of 60. We are sure that one cannot depend on the size of the duct 
as an unmistakable criterion for stone within it. Inasnuicli as the 
mortality rate was elevated to 4.25 per cent when duet exploration was 
superimposed on choleej^stectomy, we felt that further anabasis of tiiis 
group was indicated. In those patients wdio had stones remoA'ed from 
the duets at operation, the mortality Avas 7.16 per cent, Avhile in those in 
Avhom no stones Avere found the mortality rate Avas 2.04 per cent. In 
other AA'ords, the careful exploration of the duct itself need not in- 
crease the risk, AA’hile tiie patiiologic processes associated Avith common 
duet stone are significant of a more serious situation. 

If Ave are to explore the ducts in a large proportion of routine primary 
operations on the biliary system, Avlien the indications from the his- 
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detritus. The ducts may lie irrigated with normal salt solution to better 
advantage after the next step, wiiieh we feel is so important. 

Manj’’ surgeons have felt foz' jmars that it was ivise to ascertain the 
patency of the duct outlet. A considerable number have become con- 
scious of the need for more than this. The gradual, careful dilatation 
of the papilla of Vater has become increasingly more popular. The 
rationale of such a maneuver is based on the frequent findings of a very 
tight outlet and subsequent s3Tnptoms if dilatation has been omitted. 
Warnings have been issued concerning the danger of such a practice, 
but, if it is carried out in a logical manner, tliese dangers are minimal. 



In our lio.spital there has been a gradual adoption of routine inslru- 
laeiitaliou of tiie papilla of Vater whenever the duets were c.xplorcd. We 
have api)roached this feature of the operative teelmiquc' witli caution 
and after some experimental evidence indicated that serious damage did 
not occur. During the five-year period between 1930 and 1935, 395 
ducts were explored; of lhe.se. 2.31 had dilatation of the i)apilla of Vater, 
while in 1(51 no dilatation was done. In the next four years 3S0 duets 
Were explvived with dilat.ation of the ]iapilla carried out in all but 50 
l•ascs. The oi)erative mortality averaged a little over 1 jjer cent greater 
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length and entrance of iliis duel into tlio common duct. One should 
estimate the size of the duel, and malco a longitudinal incision in it not 
longer than Ihe diameter of the duet itself, a’his M'ound is best held 
apart by fine silk guy siilures since these cause less Iraimia than instru- 
ments devised for tliis juirjiose. It is Aviso to ciillure the bile that 
escapes from the ojAcn duet since subseuiient infection, if it should 



Fig-. 3. — As the dissection is carried down between the miiscularis of the posterior 
wall of the grail bladder and the fibrous capsule of Glisson, the small venous sinuses 
can be secured and ligated. At this point or in most instances after the dissection has 
been carried furtlier toward the ampulla, a moist gauze sponge is placed against the 
liver and retraction made by a second assistant. 

be picked up AA'itli a suction tip. I hoA^e found it of great adA'antage, 
at this stage of the operation, to go to the left side of the patient so that, 
by placing tAvo fingers of tlie left hand in the foramen of WinsloAv^, I can 
palpate the region of the ducts more satisfactority. Instruments can 
be handled under Ausion and guided by touch. After removing the 
obvious stones bj^ milking them from the ducts into the incision, one 
then may use long curved stone forceps to adA'antage. Smooth scoops or 
in spoons Avill aid in the remoAml of small stones, fragments, and 
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in 2 instances recorded tlie papilla was found to be the same size to 
which it had been dilated at the first operation. One other patient 
in this group had four attacks of biliary colic after leaving the hospital 
but has been symptom-free for a subsequent period of three and one- 
half years. In the 214 patients who did not have the papilla dilated, 
there were 11 secondary operations with stones found in 9. Ten other 
patients in this group continued to have symptoms indicative of stone 
or dyskinesia but were not reoperated upon in our clinic. Thus, there 



Fig. C. — Tlio .-interior abdominal wall Is left out of this sketch to give a better idc.a 
or the rclatlonslilp of the wick and llic tube from the common duct to surrounding 
.stiyctures. It Is important to see that bile Is dr.ainlng from the common duct tube 
berorc tlic abdomen l.s clo.scd. Stab wounds for drainage are helpful in thin patients 
■h whom a vertical incl.slon lias been made. This additional wound should be placed 
well below the twelftii rib and tlie wick placed in Morrison’s poucli under direct vision. 
tJhc.se patlenhs witli a wide costal angle do better with a transverse incision. 
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in Uioso ]);ilicnt.s not. lijiviiifj clilalatioii of tlio jKipilla. Tlii.s ma)' !)0 
pavt.ially coincicloiico or ]iossil)iy sonio of tiio j)atic'nls not liaviii^ dilata- 
tion were more ill and tiio svivkooii oiocled to omit this procedure. The 
inerea.sed inorhidity, however, in tlie nondilated grou]) i.*! very striking. 
This ai)parently substantiates tiio (daiin that many jiatients need (his 
slretehing of the duet outlet, to allow for the early iinrestrieted flow 
of bile into the duodennin. (Table I.) flight of (he i5Gl patients having 
dilatation of the papilla came to secondary oi)eration on (he duct at some 
later period. In 4 of these stones were again found in the ducts and 



indicating the method of instrumentation of the duct 
rritr 5 — Schematic ftanding on the patient’.s left. The ease of manipulation 

and pipni=^- thSs position often simplines the procedure. 

of the instrumenvs 
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had large ducts iidtli dilatations of the' outlet above the average size. We 
must take into consideration the fact that such individuals have liver 
damage and permanently dilated and usually infected hepatic ducts 
at the time of operation. The dilatation of the biliary tree has been a 
gi'adual process. Perhaps, they have developed a certain immunitj^ to 
the bacterial flora of the upper gastrointestinal tract. Possibly, their 
apparent good health after opei’ation was subjectively one of comparison 
to their previous state. At any rate, we found no evidence that dilata- 
tion of the duct outlet to a size comparable to that of their hepatic 
ducts resulted in any serious sequelae. I believe that such a dilatation 
is not comparable to surgical anastomosis between the duct and the 
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duodenum. In the first place, the dii-eetion and place of entrance are 
unchanged from lliose provided by nature. Also, one must bear in mind 
the obli{|uc direction of the duct througli tlie wall of the duodenum. 
'Ihi.s makes it likely that some valvelikc action of the duodenal mucosa 
may exist after the sphincter has been de.stroycd. 

Bakc.s believed that the duct outlet remained the size to wliicli it was 
dilated for an iudcfinile period and pos.sibly ])ermanently. This opinion 
was chiefly bn.sed on two patients in both of whom the dilatation had 
been carried to over 1 cm. In two of our patient.s liaving .secondary 
duet exploration for stone, tlie papilla was found to admit tlio same size 
dilator tiuit. was used in the first o]>eration. The.se wore S and 9 mm. 
rc,spec.t ivcly. I can offer no satisfactory theory as to how .stones of such 
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is tin's cvuieiicc that vonfine dilalalion of tlio papilla reduces the 
(diance of coiilinuod or recurrent Kyiii])toins from ai)])roximately 10 
j)cr cent to loss Ilian 2 jier cen(. Jn none of our cases iins there been 
evidence of cicatricial olisiruclion to the duct outlet after dilatation. 
Duodenal reflux has occuri-ed only once after this proeedure with 
spontaneous recovery in twenty-one day.s, "We have not been un- 
fortunate enou^di to precipitate a serious acute ascending infection.' 

There arc a variety of methods foi- dilating the duct outlet. 
Cheever' described the use of Avoven silk Coude urethral catheters for 
this ])urpose. "Walters and Snoll‘‘ jirefer long, smooth, graduated scoops. 
Mixter® has devised an ingenious hollow metal dilator Avhich allows 
the injection of irrigating fluid through it. Various urethral sounds 
and bougies have been advocated. Bakes'" made some elongated olive- 
tip metal bougies witii malleable handles; the.se are graduated from 
3 mm. upward, with each larger size only 1 mm. greater in diameter. 
"We have found these dilators satisfactory and they have the advantage 
of being easily sterilized and always at hand. One should never at- 
tempt to stretch the duct itself. If the size of the duct is measured by 
the dilator, one should never use an instrument of greater diameter. 
The instrumentation of the papilla should be carried out Avithout force 
and rarely should the dilatation e.xcced that of the estimated diameter 
of the hepatic ducts. The average dilatation in our cases Avas 7 mm. 
In the small-sized ducts one may Avish to use the largest dilator that 
Avill enter the duct Avithout stretching it in order to obtain the 
maximum opening into the duodenum. In the A'eiy large ducts one 
may feel that stones can remain in the hepatic ducts after all reason- 
able efforts liaAm been made to remoAm them. In such an instance pro- 
vision may be made for their passage into the duodenum by stretch- 
ing the papilla to a size comparable to that of other stones found Avithin 
the ducts or to that of the diameter of the hepatic ducts; occasionally, 
this requires the use of the larger sized dilators. 

Disturbance of the sphincterie action of the papilla of Water has 
been froAvned upon by some investigators. It has been stated that 
serious sequelae, saacIi as indigestion and ascending infection, may 
occAir. Comparison has been made betAveen this disturbance of the 
sphincter by dilatation and the results obtained foIloAving SAArgical 
aiAastomosis of the duct to the duodenum. We have considerable 
clinical eAddence that the average dilatation of 7 mm. does not produce 
either of these complications. Cheever felt that the human papilla 
Id be gradually dilated to this degree without permanent inter- 
r^ence Avith its function. Perhaps the analogy may Avarrant criticism, 

‘V surgeon Ioaoavs the extent to Avhich the sphincter ani can be 
Saterwithout disaster. We have followed those patients Avho have 
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external drainage is desired. This type of tube, howevex-, does offer 
considerable resistance to removal and doubtless produces some trauma 
to the duct. In routine eases we have found a No. 10 or 12 Pi’ench 
whistle-tipped catheter entirely satisfactory. It should be of live 
rubber and the suture passing through it should not weaken the 
tube enough for it to break at the time of removal nor should the 
suture pass entirely thi-ough its lumen. In small ducts it is well to 
point the end of the tube toward the liver. In large ducts its direction 
is of less importance, but there are some advantages in pointing it 
toward the duodenum, chiefly because this direction may cause less 
collection of debris in the current of Ixile and thereby enhances the 
passage of an ovex'looked stone. Whatever type of tube one uses, it is 
imperative to ascertain that Ixile is flowing freely through it before 
closing the abdomen. If this precaution is followed, there will be few 
cases of bile peritonitis following duct exploration. If, by chance, one 
finds at the end of a few hours that no bile is coming from the tube but 
that the dressings nre saturated, then one must assume that bile peri- 
tonitis M'ill result. If little or no bile is coming from either tube or 
drain at the end of twenty-four hours, the resultant discomfort, rest- 
lessness, and rapid pulse in such a patient will indicate bile peritonitis. 
The mortality from such a complication is high, approximately 25 
cent, while those who survive have a stormy convalescence. Although 
it is difficult for a surgeon to admit that there is a mechanical fault in 
his tcclmique, under these circumstances he should correct this error 
at the earliest possible moment. I3y a rcanungement of the drainage 
in the early hours after operation, a fatalit 3 ^ maj' he prevented and 
in every instance an easier convalescence obtained. If one waits 
mUil the manifc-stations of full-blown bile peritonitis have developed, 
(he ri.sk of secondary operations is much greater; after fortj'-eight 
hours the risk of ojieration usuallj'^ outweighs its rewai’ds. Bile col- 
lects above the liver in considerable quantities and this in itself creates 
a difiieult problem and from its pre.s.surc on the diaphimgm, may have 
some influence on the imd re.sult. 

It is well to establish drainage of the most dependent part of this 
region of the abdominnl cavit.v b.v cigarette wick or soft rubber tube, 
regardless of whether or not the eommon xluet lia.s been expiored, al- 
though i)y taking great pains one maj' feel secure in manj* instances in 
not leaving a wiek tlirongh the ahdonunal wall. Doubtless, lojxg 
series of sueeessfn) ojxerations on the biliary s.v.stem ivilhout drainage 
e;in he reported. Once in a grenl while, howtwer, one is greatlr- com- 
forted 1)\- the prx'senee of siieh a tube. An aeeessor.v duct mny Imve 
been overlooked :ind ma.v i)roduee enough bile drainage to create a 
serioiis problem. In spile of great ejin* an oeeasional tie will slij) 
off the eystie diK’t. Barely, there Is late bleeding of a xjn.antitv diffi- 
euU for nature to nhsorh. When drains arc ))roi>erly placed throiudi 
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fiiliboA' can fovm in tlic dncl itself williout liaving ))nssD(l through the 
previously dilated ])npilla hcforc iliey hiid readied a size larger than the 
diameter of the outlet. Ijong ro.spile.s fi'om symptoms between opera- 
tions indicate that these stones, as such, were not overloolccd at tlie previ- 
ous operation. Remaining fragments in llie cj-stic duet, pancreas, or 
•wall of llie duet to act as a nucleus, sluggish bile currents, and duct 
diverticula are some of the iio.ssibilities that occur to us. It seems un- 
likely that dilatation of the sphincter ■within its physiologie limits 
could be expected to result in a permanent increase in its diameter. 
It is important, however, to observe the small percentage of such 
patients having future symptoms, and also, the fact that there has not 
been a single instance of any evidence of cicatricial constriction of the 
duct outlet following the method. Iloubtless, one could cause suf- 
ficient trauma to this area to I'osult in serious scar formation even 
if the instrumentation was done from within the duct. It is evident 
that such trauma could be accomplished more effectively if the instru- 
mentation was made in reverse fashion through an opening in the duo- 
denum. Deductions from animal experiments along this line are 
difficult to evaluate since one cannot rei)roduce the various pathologic 
processes found in the human biliary system. 

Drainage of an explored duct is wise in all instances, since a safety 
valve of this nature aids in the control of liver decompression; it also 
gives some information regarding the character and quantity of the 
bile secreted. The best reason for drainage, however, is based on the 
difficulty of accurate closure of the incision in the average duct without 
narrowing it. In very large duets one may feel more secure about 
effecting a water-tight suture line and, occasionally, in such a case 
omission of the tube might be justified. When stones are known to 
remain in the hepatic ducts, it seems desirable to avail oneself of any 
effect from hydrostatic pressure within the biliary system. With a 
dilated papilla in a large duet, this may not be influenced by closm’e 
of the incision to any great extent; still, it eliminates the tube which 
may prevent stones from passing By it. After dilatation of the duct 
oiitlet, one does not need prolonged external drainage since the bile 
will flow freely into the duodenum in all cases as soon as any re- 
actionary edema from the manipulation has subsided. It was found 
that external drainage ceased almost at once when the tube was re- 
moved at the end of ten days in our patients -who had had dilatation 
of the piapilla- When the papilla was not dilated, prolonged external 
drainao'e of bile occurred after removal of the tube in many cases. 

It pimbably matters very little what type of tube is used to drain the 
' ■* cPmt ■ Many surgeons still prefer the routine use of the T- 
common^ ^ satisfactory method. It should alwaj’^s be used 

tube^ ‘"^^pQj.^gti.uction operations upon the duct and when prolonged 



ALLEN: EXTRAHEPATIC BILIARY LESIONS 


201 


external drainage is desired. This type of tube, however, does offer 
considerable resistance to remoA'al and doubtless jiroduces some trauma 
to the duct. Ill routine cases we liaA'e found a No. 10 or 12 French 
whistle-tipped catheter entirely satisfactory. It should be of ihm 
rubber and the suture passing through it should not Aveaken the 
tube enough for it to break at the time of remoAml nor should the 
suture pass entirely through its lumen. In small ducts it is Avell to 
point the end of the tube toAvard the liAmr. In large ducts its direction 
is of less importance, but there are some adAmntages in pointing it 
tOAvard the duodenum, chiefly because this direction may cause less 
collection of debris in the current of bile and thereby enhances the 
passage of an OA^erlooked stone. Whatever type of tube one uses, it is 
imperative to ascertain that bile is floAving freely through it before 
closing the abdomen. If this precaution is folloAved, there Avill be fcAv 
eases of bile peritonitis following duct exploration. If, by chance, one 
finds at the end of a feiv hours that no bile is coming from the tube but 
that the dressings are saturated, then one must assiuiie that bile peri- 
tonitis Avill result. If little or no bile is coming from either tube or 
drain at the end of tAventy-four hours, tlie resultant discomfort, rest- 
lessness, and rapid pulse in such a patient Avill indicate bile peritonitis. 
The mortality from such a complication is high, approximately 25 
cent, Avhile those aa'Iio survive have a stormy convalescence. Although 
it is difficult for a surgeon to admit that there is a mechanical fault in 
his technique, under these circumstances he should correct this error 
at the earliest possible moment. Bj' a rearrangement of the drainage 
in the early liours after operation, a fatality may be prevented and 
in every instance an easier convalescence obtained. If one Avaits 
until liic manifestations of full-blown bile peritonitis have dcAmloped, 
the ri.sk of secondary operations is much greater; after forty-eight 
hours the risk of operation usually outAvcighs its rcAvards. Bile col- 
lects above the liver in considerable quantities and this in itself creates 
a diflicult problem and from its pressure on the diaphragm, may have 
.some influence on the end result. 


It is Avell to estalflish drainage of the mo.sf dependent part of this 
region of the abdominal cavity by cigarette Avick or soft rubber tube, 
regardless of wlietliei- or not the common duct has been o.xplored, al- 
though by taking great pains one may feel secure in many imsiances in 


not leaving a Aviek through the abdominal AA-all. Doubtless. Joii" 
series of successful oper.'i lions on the biliary .system Avifliout drainage 
can lie reporieil. Once in a great Avbile, boAvcver, one is gi'catly com- 
forted by the presence of sueb a tube. An aeeossory duct may have 
[)een overbioked and may imodiiee enongb bile drainage to eroate a 
.serious piaiblem. In .spite of great care an oeeasionai fie will slip 
off the cystic dncl. b.-ircly. Ibere is laic bbssling of a qiiaiitit\- diffi 
cult for nature to absorb. When drains are properly placed tbrougli 
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a small slal) wound, llie original incision is not influenced by a foreign 
body, riiis is fnriber obviafod by (be transverse incision, in which case 
the onler end of the wound may allow for drainage in an ideal inanncr. 
Drainage should bo established to the subhej)atic s|)ace described by 
jMorison” since this is the most dependent area in the right u])i)er 
(luadraut. If one uses a longitudinal incision or any of its modifica- 
tions and attempts to establish drainage from this deep pocket through 
the incisional wound, the drain must be very long. The drains have 
a tendency to be lifted out of the ideal ])osition if any distention of the 
abdomen takes place after operation. Such foreign bodies passing 
through the incision ai'e conducive to wound infection and subsequent 
hernia in sear. If one adopts the method of a short wick directly to 
the area by which all di'ainage from the biliary tract area must pass 
or collect, great care must I)c taken that the counter inpi.sion is ac- 
curately made. The wicks mu.st he placed luuler vision and not by 
toircli alone. It is best not to use such a method in obese individuals 
and usually not in secondary operations. In the former, this tunnel 
through the fat may bo too narrow to allow for the adequate escape 
of material along its course. In the latter, adhesions between the 
liver and parietal peritoneum or to the hepatic fle.xure of the colon may 
interfere with the establishment of ideal drainage since the subhepatic 
space itself may be obliterated. In the average patient, however, one 
finds the convalescence materially shortened by the accurate establish- 
ment of a short drain through the abdominal wall directlj' into this 
subhepatic pocket. This eliminates wound contamination and creates 
little disturbance on removal. It doubtless causes fewer adhesions in the 
region of the operative field and further reduces the chances of duodenal 
irritation. In our cases there has been no evidence that stab wound 
drainage increases the risk of bile peritonitis or subdiapliragmatie 
abscess. 

SUJIIIARY AND CONCLUSIONS 

1. A simple and satisfaetoiy method of cholecj^stectonij^ from the 
fundus toward the ducts is presented. The safetj”^ of this method is 
stressed. 

2. Exploration of the common hepatic duct should be eanied out in 
conjunction with cholecystectomy in a high percentage of cases. The 
indications for duct exploration should be carefully determined in each 
instance. 

3 Eoutine dilatation of the papilla of Vater in common duct explora- 
tion is advocated. The morbidity^ is lowered and secondary operations 
are rarely necessary when this procedure is carried out. 

4 If the duct is opened, it should usually be drained by a suitable 

^^q^ The reo-ion of the operative field should be drained after nearly all 

operations upon tlie biliary systa,.. 
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IjIVER EROJr INJURY 
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si/i/ of Prnnsylvania, amt the ftiirr/ical Clinic of the TIospitnl of the 
U II 1 iirwi ly of Pen nxi/1 va n ia ) 

I T WAS not Joti-j; a tier tlie domonst ration by Simpson of chloroform 
ns an anesthetic as'ent that it iva.s found that necrosi.s of the liver 
at linie.s followed it.s use.’ The work and concepts of Rosenfeld" led 
to the suggestion that the adinini.stration of gluco.se might be of value 
not only in the prevention, but also in the treatment of hepatic necrosis 
induced by chloroform anesthesia. RosenfekP stated, in fact, that the 
detoxifying power of the liver (cnipiflcndcn Fcihiejl'ciicn) is the greater 
the richer its content of earhohydratc. 

In 1908 Wclls^ offered an acceptable explanation of the greatly in- 
creased susceptibility of the fatty liver to damage by chloroform. The 
clinical observation that chlorofoi-m particularly affected fatty livers 
when added to the well-known solubility of chloroform in fats led Wells 
to state; “It would seem probable, therefore, that a fatty liver would 
abstract much more chloroform from the blood than a normal liver, and 
that this chloroform would thus act more strongly and for a longer 
time on the protoplasm of the fatty liver cells than it rvould m a 
normal liver.’’ 

That a diet high in eaibohydrate is protective and that a diet high 
in fat induces maximal susceptibility of the heimtie parench.>Tna when 
the liver is exposed to chloroform has been repeatedly confirmed since 
first reported in this country by Opie and Alford.'' Diets rich in pro- 
tein have also been found to be of value in protecting the liver against 
such injin'}^ although their exact v'alue has not been uniformly agreed 
upon. Starvation also markedly increases the susceptibility of hepatic 
parenchyma to injury by chloi-oform and rmrious fat-soluble agents. 

These experimental studies and their confirmation by Davis, Hall, 
and Whipple," Graham," and others led surgeons to believe that a high 
concentration of hepatic glycogen in itself would protect the liver 
from injury during operation and anesthesia, and furthermore that a 
high carbohydrate dietary was the most satisfactoiy means, subsequent 
to operation, of pro ’ding conditions conducive to hepatic cellular 

repair. 

Davis Hall, and Whipple" had reported that under the favorable 

circumstances of a high carbohydrate diet the liver could regenerate 

itself at the rate of nearly 100 Gm. of liver tissue a day. They also 

bowed that the urinary nitrogen excretion was greatly increased follow- 

• hloroform anesthesia and that, while this was accentuated in the 
ing c 
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fasting animal, it was greatly decreased when glucose was administered 
during the postanesthetie period. 

It was not long before emphasis on the intravenous injection of 
glucose as a pre- and postoperative measure in poor surgical risks 
presenting lesions of the biliary apparatus replaced emphasis on a high 
carbohydrate dietary. Eleven years ago I stated; “In manj- clinics 
the administration of dextrose is merely a routine procedure and little 
thought is given to the objects to be attained by its use. ... If glycogen 
can be deposited, can this be done moi*e readily by the intravenous 
injection of dextrose or can it be as easily attained by the ingestion 
of a high carbohydrate diet?”’ 

The rich carbohydrate diet which we used in the experiments re- 
ported eleven years ago contained approximately 80 per cent of carbo- 
hydrate and 20 per cent of protein. We were led to conclude that: 
“The liver cells regenerate i‘apidl 3 '^ on a high carbohydrate diet. They 
will not regenerate to the same extent on a diet low in carbohj’-drate.” 


Table I 



CONTROL 

EXPERIMENTAL 
APPORTIONMENT OF LIVER 

DAMAGE 

PIET 

AVERAGE 
LIVER 
GLYCOGEN 
(G.M. %) 

A\XRAGE 
LIVER FATTY 
ACIDS 
(GM. %) 

DEGENER- 

ATION 

(%) 

1 

NECROSIS 

(%) 

TOTAL 

BAMAGED 


Liver Damage at Ascending Fat Levels* 


Umv fat 



13 

S 


itedium fat 



29 

03 


High fat 




97 



Liver Damage at High and Low Glycogen Levels 


High glycogen 

0.2 

1S.4 

13 

49 

62 

l,ow glycogen 

2.0 

19.3 

40 

31 

71 


•Thirty or more r.-its in each group. 


Evidence which Goldschmidt, Yars, and I have recently published* 
has led us to conclude that the incidence and severitj' of the damage 
lo hepatic cells, following chloroform anesthesia, increase progres- 
sively with an increase in the concentration of lipid in the liver (Table 
I). Eegardlc.ss of the concentration of glj’cogen in the liver at the 
time of anesthetization, the findings demonstrate that increasing lipid 
concentrations of the liver incrca.se its susceptibilitj' to chloroform. 
IMiilc the concentration of gl.vcogcn per so had no influence in modi- 
fying the incidence or the .scverit.v of the injur.v, this could be modified 
tw tlic protein content of the ration fed for .some dnj'S prior to anes- 
thcfizalion for the incidence of neero.sis was but ,50 per cent as high 
vhen a higli protein diet was given (Table II). To recapitulate, a high 
< oncentration of hepatic glj-pogen jier .sc failed to confer an,v discern- 
ible protection agaimst the hepaloloxie action of chloroform in rats 
vith the .same concentration of hepatic lipid and a similar intake of 
protein in the diet. 
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,1 he.sc cluln, slrilung: as liiey <n'e, force us to modify our concept of 
the ineehanism by ’wliicli carl)oliydrate may pi’ovjdc protection against 
certain hepatotoxie agents anti have led to further investigations, the 
results of which arc of considerable importance in this field of therapy. 

We were led to conclude, after reviewing the evidence, that the chief 
reason for (he protection against hepatic injury following a high car- 
bohydrate diet is probaldy the 7'eduetion in (he lipid content of the 
liver which results from such a diet. Fni-thcrmore, under certain con- 
ditions, such as inanition, the administration of carbohydrate probably 
also protects the liver by virtue of its protein-sparing action. Thus 
the protective action of carbohydrate is purely an indirect one. 


Taui.f. ir 

LivEit Damage on High and Low Pkotein Diets (Eats) 



High protein 
Low protein 


CONTROL 

EXPERIMENTAL 

APPORTfONJIENT OF LII'ER DASIAGE 

AVERAGE 

LIVER 

GLYCOGEN 

(gm. %) 

AVERAGE 
LIVER FATTY 
ACIDS 
(GM. %) 

DEGENER- 

ATION 

(%) 

NECROSIS 

{%) 

totaTj 

dajiaoed 

(%) 

a.9 

G.9 

22.3 

23.5 

43 

6 

41 

88 

84 

94 


In contrast to this, a diet containing an adequate amount of protein 
(17 per cent of the total calories) was found markedly to reduce the 
incidence and degree of hepatic necrosis, even in livers with a high 
lipid content. Less than one-half the animals on a high protein intake 
had liver necrosis (Table 11). The protective action of protein in 
these experiments was not associated with the marked lipotropic action 
of protein which has been shown by Channon and Wilkinson,” for coni- 
parisons were made in animals with similar hepatic lipid concentrations. 
Thus, an adequate amount of protein in the dietary would appear to 
protect the liver both as the result of some intrinsic property of the 
protein itself and because the administration of an adequate amount of 
protein leads to a reduction in the content of hepatic lipid. 

The increased susceptibility of the liver of the starved animal, we 
believe, is px’incipally due to its depleted protein stores. The question 
of protein storage in the body, following the administration of a diet 
high in protein, is of particular importance if we assume that the pro- 
tection conferred by such a diet is due to the protein per se. Whether 
the protein is stored in the sense that carbohydrate and fat are stored 
■ the liver, or whether it is elaborated into hepatic or other tissue, 

't serves to protect the cells or replenish a structure which is being 


‘ ^ dless of whether or not Whipple's concept" of "labile protein 
roves finally to be acceptable, it is of interest that investiga- 
stores p of protein storage have invariably directed their efforts 
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to the liver as the most probable repository for protein. Luek^^ has 
found that the total protein content of the liver, as well as the amount 
per unit of weight, is increased in those animals fed a high protein 
diet over those fed a low protein diet. Addis, Poo, and Lew,’- in a 
study of the loss of protein from various tissues during a fast, found 
that the liver loses much more of its original protein content than any 
other organ. This fact “suggested that it [the liver] may be a depot 
for stored protein and that this special sort of protein may be used 
during fasting in much the same manner as glycogen is used dui’ing 
a fast.” 

Prom our own data and the support obtained from investigators 
in somewhat related fields, we haA'e concluded that a liver high in 
lipid content and low in readily available protein is maximally sus- 
ceptible to chloroform; while a liver low in lipid content and high in 
readilj' available protein is maximally resistant to injury by this agent. 

The problem that confronts us is how best to induce conditions in 
the liver favorable to resistance to hepatotoxic agents on the one 
hand and to facilitate repair on the other. Such a liver should be low 
in lipid content and contain adequate amounts of protein. 

Johnson, Vars, Zintel, and I” have shown that this condition is 
best brought about, in dogs, with common duct obstruction and 
cholecystectomy by a diet consisting of approximately 28 per cent of 
protein and 72 per cent of carbohydrate. These later experiments have 
illustrated the fact that not only is a diet of suitable composition of 
importance but it is equallj' important that the total caloric intake be 
adequate (Table III). 

"With a similar total caloric intake in both the high carbohydrate- 
low protein and the high carbohydrate-high protein diets the lipid con- 
centration of the liver is reduced similar amounts in half the time when 
adequate protein is ingested. Furthermore, with such a diet the gly- 
cogen deposition in the liver reaches the highest levels obtained in our 
experiments. 

The presence of a high protein content in the diet makes it possible 
for considerable amounts of fat to be ingested and still reduce the 
original lipid concentration in the liver. These experiments again and 
again point out the fact that diet and total caloric intake are impor- 
tant, for one without the other will not bring about the dc.sired effects. 
In view of these data it seems hardly possible that we shall continue to 
place emidiasis on the intravenous injection of glucose. Under the 
most favorable conditions of such therapy one can hardly provide 
more than 1.200 calories ]ier day and this cannot be continued over 
long periods. 

If tlu" objects we wish to attain are to be achieved, they cannot be 
accomplished by providing but two-thirds of the calorics necc.ssaiw for 
has!\I energy requirements. A .suitable program reipiires alimentary 
feeding, for only in this way can one provide for the ba.siil requirements 
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and an additional amount of carlioliydrate and protein for storage. 
AVhile intravenously injected glucose may be used to reinforce oral 
feeding, it cannot nov completely' replace it. The glucose adminis- 
tered intravenously will protect the patient’s stores of foodstuffs to 
the extent of 600 to 1,200 calories per day, depending upon whether 
a 5 or a 10 per cent solution of glucose is injected. Such therapy, how- 
ever, will not lead to a marked prolonged deposition of glycogen in the 
liver for, even though it is temporarily deposited, it will he rapidly 
utilized for the energy requirements of the patient. Several years ago 
we examined histologically sections of the liver removed at operation 
under spinal anesthesia from patients Avho had received a 5 per cent 
glucose solution intravenously for a numlier of days prior to the opera- 
tion. In those patients wlio received no food by mouth during the 
period of intravenous therapy the glycogen in the liver was always 
low and approximately one-third of the patients had large accumula- 
tions of hepatic lipid. 

AVe have recently begun to i-einvestigate more thoroughly the rela- 
tionship between intravenous gluco^ administration and diet and liver 
composition in man. AA^'e have again been surprised at the frequency 
with which by analytical methods we have found high concentrations 
of lipid and low concentrations of glycogen in patients with biliary 
tract disease in whom during the preoperative period only intravenous 
therapy was administered. Only when a diet of adec|uate composition 
is given in sufficient calories can the liver of man be conditioned to 
minimal injury. 

It is highly likely that many of the untoward reactions suffered by 
biliary tract patients after anesthesia and operation are due to varying 
deg rces of degeneration or necrosis. If the lesion is of minor extent 
(I'ig. 1). recovery can take place under favorable conditions, but when 
it is extensive death is inevit.able (Fig. 2). 

Bollman and Alann” have reported that the addition of considerable 
amounts of meat extract or of meat itself to dogs with experimental 
cirrhosis or long-standing obstructive jaundice results in the develop- 
ment of abdominal ascite.s. AA’c have not found that the addition of 
protein, ebiedy in the form of casein, but also partly as meat, rc.sulted 
in the occurrence of ascites more frequently than when the casein was 
omitted from the diet. Alcssingcr and Hawkins'” have recently reported 
that they observed no untoward effects from the feeding of a meat diet to 
tbeir dogs, even tboiigb they liad severe liver injury. 


P'roin tbe results of our exiicrimcnts. we believe that a high carbo- 
bydrate-bigb protein dietary will jirove to be more efiicaeious in con- 
ditioning tbe liver to minimal injury tbnn will a baphazard diet, a diet 
consisting of bigb carbobydratc-low prot(‘in. or tbe intravenous adminis- 
tration of glucose witb little cmt>hasis on tbe oi-al intake of food. 

Soskin''- has leeently advanced arguments in favor of the intravenous 
administration of glucose where heiiatie glycogen dcjiosition Is de.sircd. 
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Fig. 1 — Minor necrosis oC the liver following the use of ether anestliesia. 



2 Extensive necrosis of the liver following anoxia. 
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Unless it becomes possible to introduce sufficient calories by this method 
alone or in conjunction ndth accessory methods of feeding the argument 
is ivithout point for it is not possible to maintain the desired composition 
of the liver under conditions of undernutrition. The experiments we are 
now doing in man demonstrate that, unless an adequate caloric intake 
is maintained for some time prior to spinal anesthesia, glycogen deposi- 
tion in man is not normal and hepatic lipid is not influenced. The 
amount of protein required for protection is not as yet known. 

The diet, therefore, should not only be satisfactory from the stand- 
point of its composition, but it should be administered in sufficient 
amounts to insure an adequate caloi’ic intake. The two factors can be 
looked upon as acting sjmergisticallj’'. It is not possible to outline the 
diet, for this must be done after consultation between dietitian and 
patient. It should consist of approximately 70 per cent carbohydrate, 
25 per cent of protein, and not more than 5 per cent of fat in its caloric 
composition. From 2,500 to 3,500 calories should be given for several 
clays prior to operation and resumed as soon as possible thereafter. If 
ncccssaiy the orojejunal method of feeding may be carried out. Since 
the oral route is at this time the only one by which a satisfactory diet 
of adequate caloric intake can be given it must remain the method of 
choice for the present. Only in those instances where oral feeding is 
not possible should parenteral feeding be depended upon. 

IMiller and "Whipple” and iMcssinger and Hawkins” have confirmed 
our findings on the protective action of protein and the latter voice our 
sentiments when they state: “We suggest that in the face of liver 
injury a diet of protein and eai-bohydrate may prove to be of more 
value than carbohydrate alone.” 

Only with such a program in the pre- and postoperative periods can 
additional injury be prevented, or minimized, following anesthe.sia and 
operation and repair be facilitated during the period of recovery. 
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THE INDICATIONS AND RESULTS OF PANCREATECTOMY 
FOR IJYPOGLYCEBHA 

Vkuxox C. Daa'ii), M.D., Cjiicago, III. 

(From the Department of Surgery, Fnsh Zfcclical College) 

A fter the cIise 0 A’cr 3 - of insulin Ija' Banting and BesU in 1922 and 
tlic later recognized effects of overdosage, Harris- in 1924 sug- 
gested a s.A’iidroine due to excessive secretion and action of insulin. 
Three 3 'cars later Wilder and liis a.s.soeiatcs^ reported the first case of 
hj'perinsnlinisni and In-pogl.veeinia due to a carcinoma of the islet tissue 
of the pancreas operated upon by W. J. Mayo. Since that time ivorld- 
Avide interest has been excited in the var.ving clinical picture, the patho- 
genesis, and the treatment of spontaneous h.A’poglj'’cemia. As a result it 
iias been established that islet-eell tumor of the jjancreas gives a char- 
acteristic triad of sj^mptoms (Whipple) ® (1) attacks of nerA'ous or 

gastrointestinal disturbances coming on in a fasting state associated Avith 
(2) a h 3 'pogl,A"ecmia Avitli readings beloAV 50 mg. per cent and (3) re- 
lieved immediatel.y b.A' ingestion of glucose. Unfortunatelj’, the problem 
is complicated b.Y tlie l^noAvledge of the effect of the liver, “ adrenals,’ 
anterior lobe of the h.A’poph.A'sis,® tlij-roid, s.ATnpathetic nei'A’ous system,® 
and possiblj" other factors,’®’ ” on sugar metabolism and particularly 
their effect on the deveIoi)ment of h.A’pogl.A’cemia. It is, therefore, ob- 
vioits that before a surgical exploration of the pancreas is decided upon 
not onlj’- the sj’mptom complex of h.A'pogl 3 'cemia indicated b 3 ’- Whipple 
must be present but also lesions of the A’arious ductless glands men- 
tioned must be excluded b 3 ’ eveiy possible chemical, iDh 3 ’sical, and thera- 
peutic measure. The borderline cases should be treated conserAmtiA’eL’', 
care being taken not to produce gi’eat adiposit 3 ’ b 3 ’' high sugar diet. 
The use of anterior lobe extracts of the hypophysis has not been en- 
couraging to date. 

As a result of carefAil selection of cases, Whipple’- recently reported 
his OAvn series of 19 tumors of islet tissue operative^’ removed from 
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17 patients, and at the same time collected 65 other cases from the litera- 
ture. Of these 82 cases, 65 had an islet-cell adenoma, 2 an atj-pieal 
tumor, and 15 a carcinoma. There was an operative mortality of 13 
patients, or 16 per cent. Of the 69 patients surviving the operation, 
62 were cured of their hypoglycemia attacks and, of these, 36 had been 
followed for more than a year. This is truly an impressive report and 
would practically close the chapter were it not for the fact that a con- 
siderable number of patients have been operated upon with proper 
indications Avhere no tumor of the pancreas has been found. This con- 
tingency has lieen considered by Whipple, who reported a group of 47 
patients who had been explored (11) or whose pancreas had been more 
or less removed (36). Of these patients, 10 were cured, 7 improved, 
and 17 died postoperatively or later. A tumor was found at autopsy 
in 4, in the resected pancreas in 4, and at a second operation in 6. 
This would strongly imply that it is exceedingly hazardous to assume 
witii cai’eful selection of patients with hypoglycemia that a tumor of the 
islet cells is not present. This is sound reasoning as evidenced by 4 
of Whipple’s cases and 1 of Roseoe Graham’s who had had resection 
of a portion of tlie pancreas without relief of symptoms and who at 
subsequent operations were found to have an adenoma of the islet cells 
in the head of the pancreas. Whipple also mentions 14 tumors of the 
pancreas overlooked at the fii’st operation, 9 of which were found at a 
second operation and 5 at autopsy. Of these overlooked tumors, 7 were 
in the head, 5 in the tail, and 2 in the body of the pancreas. 

This striking evidence for the probable presence of an islet tumor 
to explain spontaneous hypoglycemia of the type under discussion em- 
phasizes the burden placed on the surgeon who not only must explore 
the body and tail of the pancreas but also should mobilize the duodenum, 
rotate it medially, and carefully examine the head of the pancreas be- 
fore deciding that no tumor is present. Not all of these criteria of e.x- 
ploration have been carried out in the cases about to be discussed, but 
tliere liavc been reported a number of instances where, exploration of 
llio i)ancreas failing to reveal a. tumor, the surgeon has then decided 
ujion a partial or subtotal removal of the jiancreas with tlic hope that 
(I) a tumor might he found in the resected portion, (2) a hy])erplasia 
of the islet cells might exist, or (3) removal of a considerable part of 
the i)ancreas, esiiecially the tail and body, would cut down the insulin- 
secreting ))ower of the organ. 


In considering these collected eases of re.scction of the jmnereas for 
hypoglycemia, the ]>rineipnl object has been to determine what course 
tlie surgeon has pui-sued when careful exi)loration of the pancreas failed 


to rev(>al a timioi- ol the i)anereas and to attempt to lay down a ])rin- 
eiple of procedure based on the rather scanty literature on the subject. 
Tile eases coming under this ela.ssifieation would include: (1) jinrtia! 
resection of tiie i.anereas. tumor found (14 ea.ses); (2) .s-ulitotal rese'e 
tion of tlie pam.reas. tumor found (3 cases); (3) suhtotal re.scction of 
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the pancreas, no tumor found, but subsequently found (4 cases) ; (4) 
partial resection of tlic pancreas, no tumor found, pancreas normal or 
hyperplasia of the islet tissue (19 eases); (5) subtotal resection of the 
pancreas, pancreas normal or hyperplasia of tlie islet tissue (17 cases). 

It is difficult to decide arbitrarily what constitutes a partial and sub- 
total resection of the pancreas, many of the reports failing to state the 
exact number of grams of tissue removed. The size of the patient and 
the size of the pancreas also enter into the problem. Bailey and Cut- 
ler, “ in discussing this matter’, suggest that, inasmuch as the normal 
pancreas weighs between 60 and 90 Gm., at least four-fifths of the or- 
gan should be removed to constitute a subtotal removal. This would 
amount to 48 to 72 Gm. Another yardstick would be the surgeon's 
ovTi conception of how much of the pancreas was removed, estimating 
that removal of two-thirds to four-fifths of the organ would constitute 
subtotal removal. 

If we consider Tables I and II tabulating 16 cases of partial resection 
of the pancreas where a tumor was found, it is evident that all of these 
patients had a very low fasting blood sugar and the symptoms of hypo- 
glycemia were severe. The resection of the pancreas consisted in most 
part of removal of the tail of or the tail and part of the body of the 
pancreas. The amount of pancreatic tissue removed, when stated, 
was up to 23 Gm. The character of the tumor found in the resected 
tissue was islet adenoma, 11; cai’cinoma, 4; hamartoma, 1. There were 
4 postoperative deaths. Eleven of the remaining patients remained 
s 3 ’’mptoni free of attacks of liypoglycemia for from four months to 
six year’s, 7 having been obsei-ved for more than two years. One patient 
had a recurrence of symptoms six months postoperatively. 

In 2 patients where subtotal resection of the pancreas was carried 
out and the tumor was found in the resected portion, 1 patient died 
postoperatively but the other remained symptom free for ten months. 

In 4 patients a subtotal resection of the pancreas was carried out 
and no tumor was found in the resected specimen. Subsequently a 
tumor was found and removed from the head of the pancreas. 

Summarizing this group of 22 patients wliere a partial or subtotal 
pancreatectomy was carried out because of hypogljmemia and a tumor 
was found in the resected portion or at a subsequent operation, the 
results are simplj’' those that one would expect following the successful 
removal of an islet tumor. This group also emphasizes the importance 
of careful exploration of all parts of the pancreas and tlie advisability 
of resection of the pancreas if no tumor can be found. If inadver- 
tently the head of the pancreas were not explored and resection of the 
gland did not result in cure, a plain indication for anotlior operation 
and exploration of the head of the pancreas is present. 

Our interest in this studj^ lies in the two groups of patients having 
partial or subtotal removal of the panci’cas for spontaneous hypoglj’- 
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*One patient was a 9-month-old baby. 

tNine and one-hal£ grams of tail removed, question of tumor. 
Received for publication, April 26, 1940. 


cemia where no tumor was found in the resected portion of the pan- 
creas and the pancreatic tissue removed was normal or showed a hyper- 
plasia of the islet cells. 

Ill Table IV where a partial resection of the pancreas was carried 
out in 18 patients and no tumor was found, there were 15 patients in 
whom the pancreas was normal histologically and 3 in whom hyper- 
plasia of the islet cells was present. The minimum blood sugar in this 
group was below 50 mg. per cent in 14 patients. There was an oper- 
ative mortality of 4 patients, or 22 per cent. Of the 14 survivors only 
3 were free from attacks, 3 were moderately improved, and in 8 pa- 
tients the attacks continued. Of these patients, 4 had 14 to 28 Om. 
of pancreas removed, with some improvement in 1 and no abatement 
of symptoms in 3. 

In Table V we have listed a group of 17 patients who have had a 
removal of from 35 to 60 Gm. of pancreas for spontaneous hj^io- 
glycemia. No tumor was found in the resected tissue in these patients. 
The examination of the pancreatic tissue revealed a normal pancreas 
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in 14 patients, hyperplasia of the islet cells in 2, and a pancreatitis in 
1 patient. Of these patients, 11 are relieved of the symptoms of hypo- 
glycemia, 7 having been followed for over two jmars. There was onlj'’ 
1 operative death. Of the 4 unimproved patients, two had a fasting 
blood sugar of 65 to 70 mg. per cent before the operation and there- 
fore may not strictly belong in the group giving the characteristic triad 
of symptoms. 

There were 15 patients having a removal of 40 to 60 6m. of pancreas 
where no tumor was found. Ten of these patients are apparently 
cured. 

IVe have included in the group of patients cured of their attacks 
of hypoglycemia one patient who has subsequently shown evidence of 
mental deterioration (Graham’s ease), one patient who has had an 
occasional flexor spasm in one arm, and still another who has had two 
periods of nervous depression since the operation. 

If we consider the mortality rate of the 23 patients who have had 
a resection of over 30 Gm. of pancreatic tissue, we find it to he 4.3 
per cent. This low mortality rate compared to the 16 per cent mor- 
tality in removal of adenomas is pi-obablj' a liappenchance but still 
indicates that the operation is fairly safe. 

This review of the results of partial and subtotal pancreatectomy was 
prompted by an experience in resection of 48 Gra. of pancreas in a 
patient with marked hypoglycemia where no tumor was found and the 
patient has remained well for nearly two years following tlie operation. 
Onl}’- a .short ease history will be given here as a more detailed descrip- 
tion of the case will be given elsewliere by Rollin T. Woodyalt and 
heo K. Campbell. 

CASE REPORT 

A male, 21 years of age, came to the Presbyterian Ho.spital on May 1, 193S, 
"itli no significant past history or dietary indiscretions, and developed in the 
course of a few days severe generalized tonic and clonic seizures with marked 
muscle irritability and local muscle spasm between the severe attacks. His labo- 
ratory findings were: serum Ca, 9.5; serum protein, 2; urea nitrogen, 12.7; uric 
acid, .1,8; creatinine, 1.3; total N.P.X., 33.3; CO, volume per cent, 48.7; chloride 
as XaCI, 479; Kahn, negative. 

Glucose tolerance .‘'Ugar 95 

1 hour Sugar CG 

2 hours Sugar 91 

3 hours Sugar 107 

The urine sugars were 35. G mg. 

49 mg. 

^ fhe sella turcica was normal. Cortin was given in doses of 1 to 4 c.c. for live 
‘ a> s lOiout eG’ect. When the patient came to the oiierating room, in spite of a 
pn Yous injection of hypertonic glucose solution, he had a convulsion on the ttible 
■o i.it more sugar was given and continued during the oper.-ition. The operation 
va e.irried out on May 27, 1938, under gas ether. A transverse upper abdominal 
incision Mas made. The gastrocolic omentum was divided. Careful examination 
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revealed no tumor in a rather small, pale' pancreas. Tlio adrenal glands ■svere 
normal. Beginning at the tail, the pancreas ■was mobilized from below upward, 
but as the resection began it was found that the splenic vessels were imbedded 
in the superior surface of the pancreas so they were divided somewhat to the 
right of the median line. Forty-eight grams of pancreas were removed as well as 
a normal-appearing spleen. The pancreas was removed by sharp dissection, catch- 
ing the vessels as they appeared. The cut surface of the pancreas was approxi- 
mated with interrupted catgut stitches. A small nodule of pancreas was left 
in the curve of the duodenum. Two cigarette drains were left. Following the 
operation the patient was transfused. The day after operation the blood sugar was 
280 mg. per cent and the urine showed sugar at seven drops. On June 14, 1938, the 
patient began to run a temperature which necessitated the opening of an abscess 
which was followed by a fistula which persisted about a month. The patient has 
been -well since the operation, has had normal blood sugar and no muscular 
irritability. 

CONCLUSIONS 

In patients with the Wliipple triad of symptoms and in whom extra- 
pancreatic causes of hypoglycemia have been excluded as carefully as 
possible and dietary management has failed, exploration of the pan- 
creas is indicated. A careful search for an islet tumor including mo- 
bilization of the duodenum and inspection of the bead of the pancreas 
failing to demonstrate a tumor, a clear indication is present for sub- 
total resection of the tail and body of the pancreas up to the superior 
mesenteric vessels. This operation has been carried out in seventeen 
patients whose records have been found in the literature with favorable 
results and should he a part of the program in the treatment of spon- 
taneous hypoglycemia until more loiowledge of the underlying causes 
of the condition offers a better solution of the problem. 
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THE PORTAL CIRCULATION AND RESTORATION OP THE 
LIVER AFTER PARTIAL REMOVAL 

Prank C. Mann, M.D., Rochester, Minn. 

(From the Division of Fxperimentat Medicine, the Mayo Foundation) 

T he practice of surgeiy lias undergone many progressive changes 
during the period of years spanned by tlie length of life of the two 
surgeons to whose memory this volume is dedicated. Not the least im- 
portant of these changes has been the increased application of knowledge 
obtained by experimental research to clinical surgery. There also has 
been an increase in the utilization of surgical procedures and methods 
in the experimental investigation of fundamental problems relating to 
the patient. This paper, dealing whoUy with the results of experimental 
research and probably without clinical significance, is presented for 
publication in this special volume on the basis that it is representative 
of one phase of surgical progress, the application of surgical methods 
to the experimental investigation of fundamental processes. 

JIany surgical procedures must be considered carefully in relation 
to ph.vsiologie processes because .such procedures cause the loss of all or 
a part of a functional activity or an organ for which physiologic com- 
pensation must be made. Fortunately in most instances the body pos- 
sc.sscs a functional reserve of many organs so that the remaining organ, 
in the ease of paired organs, or the portion of an organ can readily 
compensate for the [)liysioIogic loss ncce.ssarily produced by such surgi- 
cal i)roecdurcs. Knowledge concerning the stimulus and mechanism 
causing jihysiologic com[)cn.sation for the lo.ss of a functional activity, 
organ, or j)orlion of an oi'gan is as yet in mani’ instances incomplete. 
In view of the fact that often the feasibility of an operation or the 
beneficial effect exiiected from its u.sc depends upon certain physiologic 
compensations occurring as a result of its i)erfoi-mance, studies of the 
‘■ausal mechanism of such compensation may be of importance. 

('om])ensatory liypertrojiliy, or I'c.sloration as we prefer to name the 
process, occurs to a remarkable degree in the liver following injury or 
parti, al removal and is in fact one of the most outstanding characteristics 
of hepatic tissue. The jiroce.ss is readily inve.stigated by removal of 
carious jiortions of tlie organ which is a feasible jirocedure to ])erform 
m many species of aninuils. The re.siills of the early investigations on 
the subject have been i'evi(-w(‘d by Rous ami L.arimore and by Fishback.-’ 
'ihe dat.a obtained by lhe.se early investigators supi)lemetited bv lho.se 
of several more recent stmlies'- * furnish a fairly eomj>lete historv of the 
pioce.ss of r('.stor;ilion oi th(> liver after partial I'cmoval. 
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The restorative process appears to begin almost immediatcl}^ after 
operation and is certainly initiated before the end of the first tweiity- 
fonr hours. The rate of restoration varies, depending upon the species 
of animal used and the relative amount of liver tissue removed. The 
process occurs more rapidly and the total amount of liver tissue restored 
is greater ■when more than 50 per cent of the original liver mass is re- 
moved than when less than this amoitnt is ablated, although it does occur 
even ■when less than 20 per cent of the hepatic tissue is removed. After 
the remaining liver tissue has been restored to a certain degree, no 
further increase occurs, even though the animal lives for manj' months 
after operation (Table I). 

Table I 

Restoiiation op Liver After Partial Removal 
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13.2 

12.3 

17 


306 

430 

337 

4 

14.0 

13.3 

57 


278 

465 

460 

5 

15.9 

14.2 

64 

556 

288 

497 

408 

6 

11.9 

10.2 

98 

416 


357 

418 

7 

12.0 

10.9 

101 

420 

244 

381 

314 

8 

10.5 

10.2 

133 

367 

212 

357 

310 

9 

10.1 

11.2 

137 

553 

154 

392 

412 

10 

11.0 

10.5 

306 

385 

245 

367 

326 

11 

17.3 

16.6 

320 

605 

416 

381 

601 

12 

15.9 

15.6 

321 

556 

256 

546 

414 

13 

13.3 

13.3 

341 

466 

256 

460 

508 

14 

11.7 

11.9 

347 


281 

416 

5 TO 

15 

14.5 

14.5 

.387 


354 

507 

442 


The gross appearance of the restored liver is very characteristic and 
can always be z'eadily recognized. The edges of the lobes of the restored 
liver are rounded as compared to the knifelike edges of the lobes of the 
normal organ. The body of the lobe becomes dome-shaped and the lohe 
as a whole tends to become spherical. Sometimes there is a prolongation 
of one or more lobes. There is an increased friability of the hepatic 
tissue and the total mass of the restored liver may increase to an amount 
equal to or sometimes slight./ greater than the amount of tissue removed 

T^hT^microscopie changes in the restored hepatic tissue are not as 
, „ jjg easily recognized as the changes in gross appearance. Im- 

1 ' after operation the hepatic cells appear swollen and many 
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femain larger than normal for several daj^s. Mitotic figures begin to 
appear very soon after operation and are most abundant during the 
greatest period of hepatic tissue increment. The hepatic lobules are 
usually larger during the restorative process. It is usually impossible 
to differentiate restored liver tissue from normal hepatic tissue micro- 
scopically after tlie completion of restoration b3^ anj" known method. 

There is emdence that restored hepatic tissue is in certain respects 
not quite the same as normal liver tissue. The restored liver appears 
to react slightly differently in regard to physiologic stress and hepatic 
poisons. However, it has never been demonstrated that it has a reduced 
functional capacit3^ 

The restoration of hepatic tissue after partial removal of the organ 
has been given the usual terms applied to this process when occurring 
in other organs as compensatoiy or work hypex'trophy and is conceived 
as being due to a phj'siologic lack. But since the liver has manj’- func- 
tions, a deficiency of hepatic tissue should produce a phj'siologic lack in 
regard to many phj^siologic pi'oeesses. The stimulus for restoi’ation 
could be owing to overwork in respect to one or several fimctions. If it 
were proved that overwork in regard to specific functions of the liver 
was responsible for the restoration of hepatic tissue after partial re- 
moval, efforts could be coneentraled on the investigation of metliods of 
quantitation of one or more such functions and thxis afford the pos- 
sibilit.v of development of a real functional test for the liver. 

Tlie first evidence that the restoration of the liver after partial I'e- 
moval might not be a work hj-perlroply and the stimulus causing it a 
functional lack came with tlie discovery of methods for decreasing the 
restoration or abolishing it altogether. 

Hons and Larimore ligated the branches of the portal %’ein to the 
main liver of the rabbit, in which species the organ is almost comixlctely 
sei)arated into two unecjual parts. The portion of liver deprived of 
portal blood underwent simple but complete atrophj’ while the hepatic 
tissue receiving all the portal blood h.vperlrophied to an amount equal 
to the original mass of liver tissue. The.v found that the alroply of 
the lobes with ligated portal radicles was conditioned on hypertrophy 
of the remaining portion. The atrophy did not occur when the h.vper- 
trophy of tl)c other portion was prevented b,v occlusion of the bile ducts 
draining it. The results of this investigation were important in giving 
direction to subsequent studies. 


Mann and JIagalh. and later Mann, Fishback, Oa.v, and Green® re- 
moved various portions of the liver from dogs in which the tmi’tal blood 
had been diverted from tlie oruan b.v making a stoma between the })ortal 
vein and vena eava with ligation of the former (Kek fis(nla) some weeks 
previous to tl.e hepateetomy. They found tlmt restoration was absent or 
,K.,.nrre.l to only a slight extent in the atrophie liver deprived of portal 
blood. .Mann and Ins eo-workei-s^ ligate, 1 the common bile duct and 
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found tliat, after tlic cliaraeleristic changes in tlie liver due to portal 
obstruetion had oeeurred, the restoration of the liver after hepatectoniy 
was greatly deereased. They’® also found tliat restoration after partial 
removal was almost absent in the cirrhotie liver produced by the ad- 
ministration of carbon tetrachloride. 

Stephenson’® found tliat, when partial ligation of the portal vein was 
combined with partial I'emoi’al of the liver in the I’at, restoration was 
decreased. The amount of re.storation appeared to be indirectly pro- 
portional to the amount of restriction of the portal vein. 

Higgins, Slann, and Priestle.y'’ studied restoration of the liver after 
its partial removal in the chicken. In this species as in many other 
species there is a natural anastomotic channel between the portal and 
systemic systems. The liver is divided into two main lobes, the right 
and left. The left lobe, which is approximately one-third of the organ, 
can be easilj' removed. Following such removal, as a rule, little, if any, 
restoration occurred. The anastomotic channel w'as then ligated and 
several weeks subsequentlj’ the left lobe of liver was removed. Althougli 
restoration usually oeeurred following tliese ])rocedures,. it was not 
marked and it was never complete. The inferior vena cava was then 
ligated as far cephalad as possible. This forced much of the blood from 
the vena cava caudal to tlie point of ligation tlirougli the anastomotic 
channel into the portal s.vstem and thus increased the flow of blood 
through the liver. When the left lobe of liver was removed several 
weeks subsequent to tliese procedures, restoration of tlie liver alwa.vs 
occurred, w'as usuall.v complete, and was often greatly in excess of the 
tissue removed. Furthermore, ligation of the vena cava alone was often 
folloived by increase in size of the liver. 

In many respects a liver which has lost its portal blood suppl.v pi'c- 
sents an exactly opposite appearance to the liver from which a portion 
has been removed.’® The hepatic tissue loses its turgidity and becomes 
flabbj’’ immediately after the diversion of the portal blood. The organ 
undergoes certain definite changes wdiich give it a characteristic appear- 
ance. On gross examination, the most outstanding changes are in size 
and color. It atrophies to approximately one-half its normal size or 
less (Table II). Its shape and contour remain the same, but there is a 
decrease in all dimensions to about one-half the normal, and it becomes 
characteristically pale, mottled, and .vellow. Microscopic changes arc 
also definite. Atroph.v of the central portions of all lobules occurs witli 
accumulation of fat in the hepatic cells of these regions. Frequently 
the accumulation of fat in tlie hepatic cells is so great tliat only a rim 
of the protoplasm of the cell witli a nucleus pushed to the peripheiy 
remains After these ehange.s, which occur initially in the central por- 
tion of the lobule, have extended to a considerable extent to the pcri- 
■ 1 j.^o-ions, the atrophy becomes stationary and will remain thus 
for the remaining period of life. While Eek-fistula animals can rarely 
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Tj\ble II 

Atropht of Liver After Diverting Portal Blood (Eck Pistola) 
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18.5 
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14.3 
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42 

500 

374 
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22 

15.5 

12.9 
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42 

766 
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350 
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13.4 

9.9 
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19.5 

14.9 

49 
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521 

250 

26 

11.9 

9.1 

49 
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318 

265 

27 

14.8 

11.8 

56 

518 

413 

240 

28 

13.9 

11.0 

70 

486 

385 

256 

29 

11.1 

8.8 

70 

388 

308 

164 

30 

9.2 


77 

322 

269 

150 

31 

11.7 


84 

409 

283 

156 

32 

12.1 


192 

423 

283 

154 

33 

18.9 

! 14.3 

192 

663 

500 
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be maintained at their preoperative weight, the decrease in weight of the 
liver far exceeds the loss in body weight. 

An analysis of the various methods discovered to date which will 
decrease or abolish the capacity of the liver for restoration reveals the 
fact that in each the flow of poi’tal blood is either restricted or com- 
pletely lacking. This fact suggests that the presence of the portal cir- 
culation may be as important in the causation of hepatic hypertrophy 
as its absence in producing hepatic atrophy. The contrast of the 
i’apidity and amount of restoration in a normal liver with intact portal 
circulation after partial removal of the oi'gan with the almost total lack 
of restoration in the liver without portal blood supply is both striking 
and significant. 

The results of the investigations cited prove that restoration of liver 
tissue after partial removal to a significant amount depends upon an 
intact portal circulation, that injuries to the liver which restrict the 
portal circulation also cause a decrease in I'estoration, and that atrophy 
of the liver occurs in the absence of the poi'tal blood flow. They do not 
n mate whetlier the stimulus causing the restoration is owing to the 
poital blood itself or the presence or absence of some of its constituents. 
‘ nice diversion of the portal blood does not decrease the need of the 
inganisni for the performance of hepatic function, it would appear that, 
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if tlie stimulus for restoration were purely functional, a liver without 
portal blood w'ould also be restored. Factors ■which might modify this 
assumption are the following: The portal blood comprises approxi- 
mately two-thirds of the blood supplj"- of the liver, so that in its absence 
there may not be sufficient blood for I’estoration. Since the circulation 
of the liver is unique in that it comes fi’om two sources, one of which 
is venous in character and carries the absorption products from the 
intestinal tract as ■well as many substances elaborated by the organs 
draining into it, the possibility exists that the stimulus causing restora- 
tion is in a sufficiently high concenti-ation to act only in the portal blood. 
It is also conceivable that failure of restoration to occur is owing to a 
loss of such a capacity in the hepatic cell since all procedures whieh 
decrease restoration also injure the hepatic cell. 

In order to test all these assumptions it -vvas essential that the portion 
of the liver left after partial removal should have its normal supply 
of portal blood, be normal hepatic tissue, and not be foi'ced to afford 
passage to the portal blood normally passing through the liver tissue 
removed. The requirements for such a test ■were met in part by making 
in the mammal an open anastomotic channel betw'een the portal and 
systemic venous systems, which as previously mentioned, occurs natu- 
rallj’^ in many species of the low’er forms. To accomplish this a stoma 
was made between the portal vein and vena cava, ■\vitlmnt permanent 
ligation of either, thus permitting the blood to pass freely between the 
two vessels, depending upon the difference in pressure in them. Various 
portions of the liver were then removed. If the stimulus causing restora- 
tion is due to some substance or substances in the portal blood, restora- 
tion should occur because the remaining portion of the liver was left 
intact with its normal circulation. If the restoration is due to the portal 
blood ■which normally passed through the liver, tissue removed being 
forced thi’ough the remaining portion of tlie liver, restoration should not 
occur because this excess blood could pass directly through the stoma 
into the vena cava. An important source of error in tlie method is that 
owing to variations in size of the stoma in i-elation to diameter of the 
portal vein, more or less blood than passed through the liver tissue 
removed, might be shunted into tlie vena cava. 


METHOD 

Details of the method used to test the importance of tlie portal circula- 
tion for restoration of the normal liver after partial removal are as 
follows- All experiments were performed on dogs. All operative pro- 
cedures xvere carried out under ether anesthesia and with surgical 
1 niuue A stoma was made between the portal vein and vena cava 
Tthe same type and employing the same technique as that used in 

” , • " ■fi'M- fistula. This technique has been described elsewhere 

making an 
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and need not be given in detail bere.® Suffice it to state tbat the metliod 
ot establishing a common opening betiveen the two veins consists of the 
following steps: 

1. The operative incision extends from the costal angle at the midline 
to the right flank. It begins at the costal angle and is a midline incision 
for about 8 cm. It then cuts obliquely across the right rectus muscle 
to the semilunar line, along Avhieli it extends eaudally as far as neces- 
sary. This incision is very important as it is the only tjqie of incision 
I have found which provides adequate exposure of the proper area of the 
two veins. 

2. The duodenum is grasped firmly and pulled upward and to the 
left, care being taken to prevent making a rent in the delicate mesentery 
of the duodenum. All of the intestines found in the right upper quad- 
rant are packed to the left of the duodenum and its mesentery. 

3. A loose linen ligature is placed around the portal vein between the 
site of entrance of the pancreaticoduodenal vein and the liver. 

4. The adventitia is removed from the right side and anterior sui'face 
of the portal vein for a distance extending caudaUy as far as possible 
from the entrance of the pancreaticoduodenal vein. The vena cava is 
left undisturbed. 

5. A stay suture of two strands of fine silk is placed at each end of 
the exposed lengths of veins, holding them tightly together at each 
point. 

6. A continuous suture, the posterior suture line, is now placed be- 
tween the two stay sutures, using the needle of the caudal stay suture. 

7. A cutting suture of heavj'- silk on a specially curved needle is 
placed as a mattress suture with an aim in each vein, the base slightly 
caudal to the cephalic stay suture and the free ends emerging from the 
veins just before reaching the caudal stay suture. The needle of the 
cutting suture is passed into the portal vein just cephalic to the caudal 
end of the previously placed suture line and parallel to it. It emerges 
from the portal vein just before reaching the cephalic stay suture and 
is passed into the vena cava in the opposite direction, emerging from 
this vessel at a point exactly opposite to its point of entrance into the 
portal vein. 


8. An anterior row of continuous suture is now placed, beginning at 
the cephalic end. Care should be exercised to avoid including the cut- 
ting suture. Either needle of the stay sutures may be used to place this 
suture. The anterior suture ends with a mattress suture around the free 
end of the second stay suture and both ends of the cutting suture. 


9. The free cnd.s of the cutting suture are now grasped firmly and the 
enclosed walls of tlio two veins gently sawed through between tlie two 
rows of continuous sutures, cave being taken to avoid sawing too loim 
with one length of suture. ° 
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10. After tlie cuttiiig suture lias emerged intact, tlie free end of tlio 
second stay sutiire and tlie needle end of the anterior suture are tied 
together, closing the opening loft by the removal of the cutting suture. 

After completion of the stoma the temporary ligature was tightened 
to occlude lire portal vein. It rvas not tied but held tightly with a 
serrefine in order to ]ircvent injury to the vein. The purpose of the 
temporary occlusion of the portal vein was to determine whether the 
stoma between the two veins would permit passage of all the portal 
blood. The patenej’^ of the stoma rvas indicated if the color of the in- 
testines did not change after the ligature was tightened. As will he 
noted later, this temporary ligatui'c was also used as a part of the pro- 
cedure to establish permanent patency of the stoma. 

After it had been demonstrated that the stoma was functioning 
properly, various lohes of liver were ablated. The left lateral and left 
central lobes were removed together in the following manner : The left 
lateral lobe was delivered into the operative wound and the left coronary 
ligament severed. The pylorus and duodenum were then covered with 
a moist towel and grasped by the assistant who exerted gentle, even 
traction caudally and to the left. Both left lobes of liver were then 
lifted forcibly and a curved hemostat was clamped seciirely across the 
pedicle common to the two lobes as near the other portion of the organ 
as space would permit. A second clamp was applied just above the first 
clamp and parallel to it. A dry gauze pack was placed around the 
clamped pedicle between the hemostat and the remaining portion of the 
liver. Both lobes were gi'asped firmly to prevent oozing of blood and 
severed close to the upper clamp with a scalpel. A double linen ligature 
was tied firmly around the tissue crushed by each clamp, the lower liga- 
ture being placed first. The debris of liver tissue and blood around 
the ligated pedicle was carefully sponged away. In some expeiiments 
the right central or gall bladder lobe was also removed. The technique 
was essentially the same as for the left lobes, except even greater care 
was necessary to prevent injury of the blood vessels to the remaining 
lobes and the cystic duct was clamped before section. 

The technique of removal of lobes of liver in the dog is not difficult, 

but fatal accidents may happen if the various steps of the procedure are 

not carefully performed. The more common causes of accidents are the 

following: (1) Injury to the blood supply to the remaining portion of 

the liver, particularly the small papillary projection of the caudate 

lobe It requires only a few grams of liver tissue without blood supply 

in the peritoneal cavity to 'duee death. (2) Severance of the vessels 

f the ablated lobes by tighiening the ligatures before they are released 

° the clamps. These vessels are verj' thin-walled and fragile and 

stretched can be easily cut with a ligature. (3) Permitting liver 

when mnofi sunplv to remain at the site of section. Even a 

tissue witnom- i . 
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very small amount of such traumatized hepatic tissue is dangerous to 
life. All of these accidents can be avoided if recognized and adequate 
care is taken to avoid them. 

While the effect of partial removal of liver on the remaining portion 
of the organ is well Imown, in order to have compai’ative specimens, in 
many instances carefully controlled experiments were done. Animals 
of approximately the same size and rveight were used. All operative 
procedures were performed at the same operative period. The same 
number of lobes of liver were removed from each, but in one a stoma 
was made between the two veins pi’evious to removal of the hepatic 
tissue. 

All the animals rvere given the same postoperative care and diet which 
maintained them in good condition throughout the period of observa- 
tions. The condition of the liver in regard to restoration was deter- 
mined at various periods of time after operation. Observations of the 
organ were made either at an exploratory operation or at necropsy. Not 
only was the liver carefully observed and Aveighed at necropsy, but the 
stoma between the two veins was also examined to determine whether 
or not it had remained patent. 

Both animals in the paired experiments, those in Avhich the operations 
wei'c performed during the same operative period and in which the same 
number of lobes of liver were removed from each animal but the stoma 
between the portal vein and vena cava made in only one animal, were 
weighed and killed at the same time by bleeding under ether anesthesia 
and observations made and data secured as in the otlier experiments. 


RESULTS 


At necropsy of the first group of animals used in preliminary experi- 
ments performed to test the validity of the method for exploration of 
the problem, the livers of the animals in Avhich the stoma between the 
two veins had been made Avere identical Avith those in AA'hich only 
hepateetomy had been done. Approximately the same amount of 
restoration of liver tissue had occurred in each group of animals. 
Examination of the site of opei'ation on the veins disclosed the fact that 
the stoma Avas not patent. Since the opening betAA'een the tAvo veins 
consisted of a single longitudinal slit, a pressure differential had to be 
developed Avhieh Avould be adequate to force blood through the narroAV 
stoma. Evidently the increase in pressure in the portal vein OAving to 
the loss of the portal vascular radicles contained in the liver tissue re- 
moved had not been sufficient to force blood into the Amna cava AA’hen the 


iLsual technique for making an Eck fistula had been employed. Without 
the passage of blood through the opening, the cut surfaces of the Avails 
of veins Avere left in apposition and healed together. 

Andther series of operations aa'ci-c performed in Avhieh tlie operatii'e 
tccliniqne differed from tliat used in the first granp in tAVo resneets- 
(1) The stoma Avas made as long as the anatomy of the veins Avould 
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permit.'- The stoma thus extended from the liilum of tlie liver at the 
cephalic end to below the entrance of the renal vein into the vena cava 
at the caudal end. (2) The temporary ligature was kept securely tight- 
ened for several minutes after the lobes of liver were removed. Visual 
proof of patency of the stoma was obtained in several instances. In 
proper light the blood was seen tlirough the tliin wall of the portal 
vein flowing into the vena cava. Tire stoma was found to have remained 
patent in many of the animals in which this revised technique was used. 



T,:„ T Sreciniens of liver obtained at operation and necropsy in “ 

ovTiifpnt \niinals were litter mates. Time between operation and ncciopsj 

The date of operation and date of necropsy were the same 
fifteen top igft weighed 3S7 Gm. and was obtained at 

aninial. ^®P,„ jIt and IV) from which the specimen at the bottorn 

Animal gn%en,oved at operation. The specimen at the top right fV 

was obtained at necropsy from Animal 5b (Tables III and IV) f ron' 

Gm. “”4 "“f -t the bottom right, weighing 123 Gm.. Iiad been removed and m 
the ®PPP!^ ” fyas made between portal vein and vena cava. At necropsy tlie 
tion a ®toma „„tetit but small. Note that restoration has occurred in each organ 
SuUs°reIatWely slight in tlm presence of stoma. 

Examination of the liver in the experiments in which the stoma rc- 
nmiiied patent revealed that the amount of restoration was less than 
. ‘ , control experiments. The remaining portion of the organ eithei 
a G ennm oeiicral appea aiiee as it had at operation or showed rela- 
'“V .1 * °eX=cs ot Its weight wws l„.t slightly 

' limn its estimated weight at operation (Tables III and 
1 The microscopic appearance of the liepatic tissue was liormal. 

^;„^ating the amount of liver tissue left after Iicpa- 

: The met lo n, vest! mat ion was the same as has been employed in 

itectomypsedinthisimcbip-. 
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Table HI 


Comparison op Eestokation op the Lhiek After Partial Removal in Animals 
With Undisturbed Portal Circulation (a) and in Those With 
Patent Stojia Between Portal Vein and Vena Cava (b) 


g 

BODY AVEIGHT AT 

OPERATION (KG.) 

^ o 

s 

S 

g xn 

o g 

TIME BETWEEN OPERATION 
AND NECROPSY (DAYS) 

ESTIMATED AVEIGHT OF 

LIVER AT OPERATION (3.5% 
BODY WEIGHT) (GM.) 

AMOUNT OF LIVER 

TISSUE REMOVED AT 
OPERATION (OJt.) 

ESTIMATED AVEIGHT OP 

LIVER AT NECROPSY (3.5% 
BODY AVEIGHT) (OM.) 

H 

D 

CO 

CO 

gw 

O o 

K fcJ 

2 Si 

^ < 

la 


13.2 

46 

VH > iHI 

133 

462 

383 

lb 


13.6 

46 


136 

476 

255 

2a 

12.9 

12.3 

40 


274 

430 

373 

2b 

13.2 

12.8 

40 

462 

294 

448 

221 

3a 

15.3 

16.2 

20 


277 

567 

610 

3b 

15.4 


20 


274 

560 

323 

4a 

15.6 

16.4 

25 


270 

574 

558 

4b 

15.5 

16.2 

25 


280 

567 

311 

5a 

8.0 

9.0 

15 

280 

97 

315 

387 

5b 

9.4 

10.4 

15 

329 

123 

364 

257 


this laboi’atoiy for many years. It is admittedly only a rough ap- 
proximation, but it is the liest so far devised for' the dog. Owing to the 
differences in the many breeds of dogs which reach the laboratory, this 
species cannot as yet be standardized as has been done with the rat. 
The method is based on a body weight-liver weight ratio and on the 
percental amount of liver tissue comprised in the various lobes as com- 
pared to the whole organ. McMaster and Eons found the liver weight 
to be 3.5 per cent of the body Aveight in dogs. In tv’o series of our 
laboratoiy animals, each series consisting of 100 animals dying from 
causes not affecting the liver, the organ Avas found to comprise 3.45 per 
cent of the body Aveight. On the basis of these data the ratio of Me- 
Master and Kous is used. The method of estimation based upon the 


Table IV 

Data Obtained in a Paired Experiment in Which Animal.s U’ere Littep. AIates* 


Body weiglit at operation 
Estimated weight of liver at operation 
Weight of liver tissue removed* 

Weight of liver remaining 
Bodv weight at necropsy 
Estimated weight of liA’cr at necropsy 
Weigiit of liver at necropsy 

Total wcigla of liver (amount removed added to 
amount obtained at nccrop.sy) 

Weiglit of new liver tis.suc formed 


animal 5a 


ANIMAL 5B 
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ratio of the weiglit of tlie various lobes to the total weight of the liver is 
even more nnsatisfaetory than the body weight-liver weight method. 
I-Iowever, the left lateral and left central lobes of liver, tliose nsiially 
removed, are together approximately one-third of the organ and, with 
the addition of the right tjentral lobe, more than one-half the liver. 

COMJIENT 

Tlie results of these experiments w'onld appear not only to prove the 
conclusion reached in previous investigations that restoration of the 
liver after partial removal depends to a very great extent on the flow of 
portal blood througli the organ, but also to suggest that the primary 
stimidus is the portal blood itself. While it -would seem highly probable 
that, in the ease of an organ -svith so many functions as the liver, there 
■would be many stimuli, rvhich, owing to a physiologic need, could cause 
restoration of hejDatic tissue when it had been decreased below normal, 
the effect of such stimuli appears to be relatively slight compared to that 
caused by the stimulus of the portal blood florv and is secondary to the 
latter. While the restored liver tissue does actually compensate for a 
physiologic loss, its occurrence is apparently to establish an adequate 
portal pathway. The necessity for restoration of vascular channels ap- 
pears greater than for the restoration of functionating hepatic tissue. 
It is quite possible that the stimulus and mechanism for the development 
of portal patluvays through the remaining portion of the liver after 
pai’tial removal, giving origin to restoration of the organ, are the same 
as those causing the formation of new areas of vasculaidzation elsewhere 
in the body and the fact that the matrix happens to be hepatic tissue 
may' be only a fortuitous circumstance. In this connection it should be 
noted that tlie control of the portal blood flow resides to a slight extent 
only in the liver but for tlie most part is located in the vasomotor con- 
trolled areas of the gastrointestinal tract and the other organs draining 
into the portal system. The liver has very little to say in regard to the 
amount of blood that passes tlirough its portal channels. 

The role of the portal circulation in the restoration of liver tissue 
after iniury is not as definitely establislied as after partial removal 
of the organ. The procedure of removal of lobes of liver surgically is 
very simple compared to the destruction of liver tissue by hepatic 
poisons and infection. In the ease of hepatic injury, other factors arc 
operative in addition to the simple restoration of portal pathways and 
fmictionating hepatic tissue. The more important of these additional 
factors are the exciting agent whieli caused the injury and the processes 
f 1 lino- of the resulting lesion. In this complicated condition of the 
• - '^\'here physiologic and pathologic processes are occurring con- 
liver w ^ sisrnificance of the flow of portal blood cannot be clearly 
comitan J, •^ppj.tanee cannot be doubted. Sufficient data arc 

discerne , certain postulations. It appears liighly probable that 

at hand to jusuj-.' 
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restoration of hepatic tissue due to any particular agent continues, 
although possibly more or less imperfectly, until the portal pathways 
are partially occiuded. Since the injury to liver tissue usually occurs in 
localized areas, the restoration is also localized. Each time a given 
hepatic area suffers injury, the vascular pathways are not completely 
repaired. Greater restoration occurs in those areas in which the hepatic 
cells and especially the vascular channels are least injured, giving rise 
to circumscribed masses of newly formed hepatic tissue. Finally, after 
I’epeated episodes of injury, the portal pathways become definite!}' 
restricted, greatly limiting or abolishing restoration. At this point the 
atrophic processes supervene. 

Regardless of the cause and mechanism of restoratiorr of liver sub- 
stance, its occurrence is of great importance physiologically because 
there is thus assured a constant renewal of this vital tissue as long as the 
capacity for restoration persists. It is equall.y important pathologicall}'. 
This remarkable characteristic of liver tissue must alwa}'s be considered 
if the varying patterns of hepatic pathology are to be undex’stood. 


SUMMARY 


The partial removal of the liver from a normal dog is followed by 
complete restoration of hepatic tissue within a fairly definite period 
of time. If a stoma is made between the portal vein and vena cava 
leaving both channels patent, thus permitting blood to interchange be- 
tween the veins, at the same time the hepatic tissue is removed, I’estora- 
tion of the remaining portion of the organ is greatly decreased. The 
results of these experiments emphasize the importance of the portal cir- 
culation per se for restoration of the liver after partial removal. AVhile 
there is evidence that stimuli other than the portal blood are operative 
in causing restoration of the liver, it has not been possible to determine 
the nature of such stimuli or to separate their action from that of the 
pox’tal blood. 
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WITH HOW LITTLE LUNG TISSUE IS LIFE COMPATIBLE? 

Bepokt of a Patient Prom Whom All Bulmonary Tissue Except 
THE Two Upper Lobes Was Successfully Eemotod 

Evarts a. Graham, M.D., St. Louis, Mo. 

(From, the Pepartment of Surgery of iras/iinjifaii. Vniversity and the Barnes and 

the Children’s Hospitals) 

T he rapid development of thoracic surgery in recent years has made 
the extensive removal of pulmonary tissue technically feasible. ' The 
removal of a single lobe for bronchiectasis is now not only a common 
operation in the large tlioracic clinics but it has also been made a 
relatively safe procedure with a mortality of 5 per cent or less. Even 
successful removals of a whole lung are now not unusual. Likewise, the 
removal of both lower lobes in cases of bilatexml bronchiectasis has been 
performed on numerous occasions since Eloesser’s^ first case. Overholt'’ 
in 1937 reported the removal of both lower lobes and the right middle 
lobe in four stages from a girl 19 years of age. Eight months after the 
operation the vital capacity was 1,162 c.c. 

The case about to be described represents a still more radical removal 
of pulmonary tissue in that not only were the two lower and the right 
middle lobes removed but also the lingula of the left upper lobe. It is 
now generally accepted that the lingula is the homologue of the right 
middle lobe and that because of the anatomical distribution of the 
bronchus and blood vessels it should be regarded as essentially a separate 
lobe. Prom a practical standpoint, therefore, this ease represents the 
removal of four of the six lobes, and, as judged by reports in the litera- 
ture, it is the most extreme example of successful radical removal of 
pulmonary tissue. Although only two months have elapsed since the 
completion of the second operation, the boy is able to walk rapidl}^ for 
short distances without dyspnea, and his vital capacity is 1,200 e.c. It 
is to be expected that his improvement will continue and that his vital 
capacity null increase. 

Henev and Andrus^ state that in their experiments dogs were able 
to live indefinitely after the removal of all of the left lung and of the 
middle lobe of the light lung, with two lobes, therefore, remaining. 
In 1933, IIeucr,= in reviewing Ids previous experimental work with 
Dunn, Andrus, Ricnhoff, Cave, and other associates, stated, however, that 
lie bad found that in tlie dog life and good health were compatible with 
only one vcmainmg lobe. In those experiments it was found that the 
pleural space created by the extensive removal of pulmonary tissue 
svas obliterated very quickly (usually in about two weeks), chiefly by a 
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marked hj"pertropliy of the remaining portion of lung. The dog is 
admirably adapted for sueh a mechanism because of the extreme mobilitj’ 
of its mediastinal partition. 

It has been uncertain how much one could applj’’ to the human being 
the findings obtained on dogs. The human ease to be described, how- 
ever, may be regarded perhaps as a counterpart of Ileuer’s dog ex- 
periments in which only two lobes were allowed to remain, since the 
dog has six lobes of pulmonaiy tissue. The removal of four of the 
lobes, therefore, is practical^ equivalent to the removal in the human 
being of the two lower lobes, the right middle lobe, and the lingula 
of the left upper lobe. 

Theoretically, since the tidal air requirement (500 c.c.) of an adult 
of average size is onlj-^ about one-eighth of liis vital capacity, it might 
be assumed that the surgical removal of about six- or seven-eighths 
of the total Amlunie of the lung would be eompatible with life. This 
might be the ease if it ivere ncAmr necessary to use more air than 
ordinary tidal air requirements. It happens, however, that at times 
of active exercise and in periods of stress of various kinds more than 
the normal amount of tidal air is used. Dj^spnea, therefore, Avould 
freqiiently be present if the indiA'idual Avere left A\dth only about one- 
quarter or one-eighth of his normal pulmonary tissue. Fortunately 
the compensatory mechanism of hypertrophy of the remaining lung 
tissue occurs to relieve the situation. Actually, in the ease here de- 
scribed, although four of the six lobes Avere removed, it Avould be un- 
justifiable to conclude that the patient Avas suddenly deprived of tAVO- 
thirds of his piAliuonary tissue. The long-standing disease had re- 
sulted in a shrinkage of those lobes Avhicli Avere removed so that there 
had been an opportunity for the tAA'o upper lobes to become hyper- 
trophied. MoreoAmr, more than a year elapsed betAveen the removal of 
the lung tissue on the right side and that on the left, another factor 
inducing the hypertrophy of the right upper lobe. 

An abstract of the ease folloAvs : 


Case Report. — This boy, aged 14 years, was first admitted to flie St. Louis 
Children’s Hospital on Oct. 10, 1938. Tlie chief complaint was persistent cough 
with large amounts of purulent sputum. The parents stated that the present illness 
beenn with an attack of pneumonia at years of age. Tliis was complicated by 
aii^empyema on the right side and a drainage tube was inserted after the removal 
of a portion of a rib. TIic drainage was maintained for about two months. Sabse- 
' • the empyema cavity and the thoracostomy incision healed satisfactorily- 

the hov has never been well. Frequent attacks of so-called pneumonia 
"Froni liicii oil i*ic _ 

and fit all times the productive cough continued. Sometimes he has coupnoa 
oceurre blood but he has never had a large hemorrhage. During the 

up sma a been in somewhat bettor Iioalth except for the persistence 

past tno je sputum. His pliy.sical condition, however, has prevented him 

of the coug I > jjg j„„cb as he should have. Three years ago he was in 

from going o .tveeks with acute mastoiditis. About three weeks ago he 

bed for two or three 
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was seat to a tuberculosis sanatorium because his physician thought he might 
have tuberculosis. At the sanatorium, however, his condition was diagnosed 
as nontuberculous bronchiectasis. 

Examination disclosed a slight discharge from the right ear and rather marked 
clubbing of the fingers. There was a moderate secondarj' anemia and a total 
leucocyte count of 15,500. Bronchograms show-ed the terminal divisions of the 



left tower o bo bronclu to oe cniated and clubbed, rue imgular division of tht 
left upper lol.e bronchus also .showed bronchial dilatation. Similar changes wen 
noted ... the ,...dd c lobe bronclu of the right lung and there was an irreguhrU 
iu the h.....na of the r.ght lower lobe bronchi. On the basis of the t. 

„„ x-ray diug..osis was made of bronehieeta.si.s in olvSg t .e To T "TT 
.u.a the ,i..guta Of the left upper lobe, the right middle a Jt^e H^lt^riolt 
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A broncJioscopic examination by A. Stutsman revealed as its only significant feature 
large amounts of pus coming from the lobes noted as diseased in the bronchograms. 

It was decided to attempt to remove all of the diseased tissue. The decision 
to begin on the right side was arrived at because, in view of the fact that the 
empyema had been on that side, it seemed probable that the most active disease 
would be there. 



Wbe first operation was performed on Nov. 3, 193S. tVith intratracheal anes- 
-rli cvclopropane an incision was made beginning close to the spine at t 
3Sia wi ,v gorsal vertebra which was brought down to the level of t i 

rel of t e si carried forward to about the anterior axillary line- 

venth ribs were found to be fused together ns a result of t ie 

le seventli ati it -was necessary to resect both of them in order to 

d empyema oper.v lo lung was firmly adherent to the clic.st wall by dcn.se 

iter the pleura , sharp dis.secfion in order to mobilize the lower and 

ihesions which jot,e was atelectatic and firmly adherent to the 

iddle lobes. The 
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mediastinal pleura. The interlobar fissure between the middle and upper lobes 
was incomplete and in order to free the middle lobe it was necessary to resect it 
from the upper lobe. Because the patient’s condition was not entirely satisfactory 
it seemed advisable to complete the operation quickly and consequently a 
tourniquet was placed around the hilus of both the middle and lower lobes and 
the lobes were cut away. The stump was transfixed with No. 1 forty-day catgut 
and a mass ligation was made. Through stab wounds two rubber catheters were 
inserted through the seventh interspace into the thoracic cavity, one in ap- 
proximately the midaxillary line, the other posteriorly in a line wrresponding 
to the angles of the ribs. The wound was then closed in layers using pericostal 
sutures of No. 1 forty-day catgut to approximate the ribs as well as possible. 



The skin was closed with a continuous dermal suture. When the operation was 
about two-thirds completed, the patient became cyanotic and his respiratory ex- 
change was poor. Suction through the intratracheal catheter did not relieve the 
condition satisfactorily. Consequently, a bronchoscope was hastily passed by 
Dr. Stutsman and about 1.5 c.c. of thick purulent material tinged with blood was 
removed from the left main bronchus. A curved suction tip was then inserted into 
the various divisions of the bronchial tree which was well cleaned out. A 
marked improvement in the patient’s condition was immediately noticed. After 
the completion of the operation another bronchoscopic aspiration was made before 
the patient left the operating room. He had also had a bronchoscopic aspiration 
in tlie operating room immediately before the operation was started. He, there- 
fore, Imd three bronchoscopic aspirations in connection with the operation, one 
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inimecliatelj^ before, one during the course of tlie operation, and a third one 
immediately after the completion of the operation. It is probable that these 
were lifesaving measures. He developed a bronchial fistula and an empyema on 
the tenth postoperative day. He was discharged on Doc. 22 witli tlie empyema 
cavity obliterated and the wound healed. He wa.s still expectorating purulent 
sputum, but the amoujit was reduced about 50 per cent. 

On Feb. 28, 1940, he was admitted to Barnes Hospital, rather than to the 
Children's Hospital, because he was then 15 years old. The interim history 
showed that since his operation he has been feeling much better. He state.s tlmt 



he coughs only in the mornings and in the evening.s. He was able to bo in 
school continuously during the fall and winter of 1939. The right thoracotomy 
nd is solidly healed and gives no difiicult 3 ' of any kind. A bronchoscopic 
Kent on Feh. 29 showed a large amount of purulent secretion 
examina 1 lower lobe. A good view of tlie stump of tlie middle mul 

coming r , ^ ^ 1,0 available. The muco.m on the blind 

lower 0 hj-peromic, but no other change was noted. On kfareh fl his 

end Tias s '8^ performed. A broncho.scopie aspiration h.v Brian Blade.s was 
second opera lO before the operation was begun. Again under infra- 

performed with cj'clopropnnc an inci.sion was made on the left side 

tracheal jln, sixth rih close to its verteliral attacliineni and extend- 

heginning at tie cic seventh and then the ciglitli rib to the anterior 

ing anteriorly over the lev 
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axillarj' line. Tlie sixth, seventh, and eighth ribs were divided close to their cor- 
responding vertebrae and the pleura was entered in tlie seventh interspace. A 
partially atelectatic left lower lobe was found together with atelectasis of the lingula 
of the left upper lobe. A good many troublesome adhesions were found between 
the lower lobe and the diaphragm as well as between the lower lobe and the chest 
wall. Most of these required cutting between clamps. The inferior pulmonary 
ligament was followed to the root of the lower lobe. The interlobar fissure was 
also developed by blunt dissection to the root of the lower lobe. Individual ligation 
of the hilar structures was planned but abandoned for the tourniquet because 
of repeated respiratory difficulties which necessitated on several occasions the 
removal of the rib spreader and temporary closure of the chest wall. A tourniquet, 
therefore, was placed around the hilus of the lower lobe and a second tourniquet 
was placed about 3 cm. distal to the first. Amputation of the lower lobe was 
performed between them. A transfixion ligature of doubled No. 1 forty-daj' 



Pie. 5. Figr. 6. 

Fig. 5. — Patient at discliarge after last operation. 

Pig. 6, — View of back at discharge after last operation. Wounds soiidlv healed 
Irritation of skin from adhesive plaster on left side gives erroneous impression of un- 
healed wounds. 


chromic catgut was placed around the stump of the lower lobe which completely 
prevented any hemorrhage. It was also noted that the bronchus was tightly 
closed. Several reinforcing interrupted sutures of No. 1 twenty-day chromic 
catgut were placed through the open surface of the amputated hilms. The lingula 
was resected between clamps and the wound in the upper lobe repaired by the 
use of a continuous luvaginntiug suture. Catheters were inserted through stab 
wou.nis .n the aalenor and the posterior a.xi»ary lines. The chest wall was closed 
|,y approximutuig the ribs with pericosfal -sutures of catgut and bv bringing the 
severed ends of the ribs together with twenty-day catgut placed' throuGh^drill 
holes. A fiap of the longis.simus dorsi muscle was brought over the nLt • 
of .he incision and retained with interrupted sutures of catgu Tft 

H.SSUO.S were clo.sed in layers and the skin sutured with dermal. Tim patlnt 2 
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another bronclioscopic aspiration by Dr. Blades immediate!}' after the complotlon 
of the operation. Ho was also given a transfusion of 500 c.c. of blood although 
there had been no hemorrhage. 

Evidence of an empj'ema appeared on the fourth postoperative day and a 
bronchial fistula was demonstrable on about tlie eighth day after the operation. 
On March 29 the diagnosis of a pericardial effusion was made both by fluoroscopy 
and kymography. The patient also at that time was very dyspneie. Aspiration 
at the right of the sternum in the fourth intercostal space yielded only 20 c.c. 
of bloody fluid which was sterile on culture. From then on his convalescence 
was uneventful and he was discharged from the hospital on May 11 with his 
w'ound solidly healed, the emp3’ema cavity obliterated, no cough or sputum, no 
dyspnea on ordinary exertion, and a vital capacity of 1,200 c.c. For the first 
time in his memory he has been free from cough and sputum. The clubbing of 
the lingers has disappeared completely. 

SUJOIARY 

A case is reported in -which the two lower lobes, the right middle lobe, 
and the lingula of the left upper lobe ivere removed because of 
bronchiectasis. Its interest and importance lie in the fact that it 
demonstrates that a comfortable existence is compatible with only the 
right upper lobe and the left upper lobe without the lingula. It ap- 
parently represents the most extensive removal of pulmonary tissue 
so far reported in the human being. It is, therefore, a. link in the 
chain of information gradually being accumulated which will enable us to 
tell how much lung tissue can be removed safely. 
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STUDIES ON THE EFFECTS OF THE INHALATION OF A HIGH 
GONCENTEATION OF OXYGEN IN EXPERIMENTAL SHOCK® 

George 0. 'Wood, M.D., M. F. Mason, Ph.D., and 
Alpred Blalock, M.D., Nashwlle, Tenn. 

(From the Departments of Surgery and Biochemistry, Vanderhilt University) 

T he fundamental pathologic change in shock consists of a discrepancy 
between the volume of blood in circulation and the capacity of the 
vascular bed, due to an increase in the capacity of the vascular bed or 
to a decrease in the volume of blood or to both. Regardless of the mecha- 
nism of the production of peripheral circulatory failure, a prolonged 
diminution in the effective blood volume results in tissue anoxia which 
is essentially that of the stagnant type. Most attempts at therapj" have 
consisted of attempts to correct the disparity between the capacity of 
the vascular bed and the effective blood volume. Recently, attention 
has been directed again by Boothby, Mayo, and Lovelace^ to the factor 
of anoxia in shock, and they have advised the inspiration of very high 
concentrations of oxygen in its treatment, especially during the eai’ly 
stages. Thus, they^ administer pure oxygen roiitinely after major 
operative procedures, augmenting this with transfusions of blood when 
necessary. 

The benefits to be obtained by the administration of a high concentra- 
tion of oxygen have been outlined by Boothby and associates.^ Thus, 
in the case of a retarded peripheral capillary circulation with the blood 
giving up as much as 80 per cent of its oxygen to the tissues, the capillary 
partial pressure of oxygen would fall from a normal of about 35 mm. 
to 14 mm. Hg. In this ease the inspiration of 100 per cent oxygen, on 
the basis of the characteristic dissociation of oxyhemoglobin, could be 
expected to increase the amount of oxygen available to the tissues by 
as much as 50 per cent. 

Our study was iindertaken to determine, experimentally, the effects of 
the inspiration of these high concentrations of oxygen on moderate de- 
grees of shock as produced by hemorrhage, histamine, and trauma. 

JIETHODS 

Dogs were used in all experiments. At a preliminary operation prep- 
arations were made for withdrawal of blood from sites which could 
not otherwise be readily approached. For this purpose an instrument 
designed to permit withdrawal of portal venous blood without surgical 
exposure was inserted, and in addition the left kidnev was explanted bv 
the technique of Rhoads.® 

or tho Rocketelter Founda- 
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Morphine sulphate, 0.001 to 0.0015 Gm. per kilogram of body weight 
was administered at the beginning of all experiments. Approximately 
one and one-half to two hours later, under procaine infiltration anes- 
thesia, the left common carotid artery was cannnlated and conneeted 
to a mercuiy manometer, a maximum-minimum valve being used. Ees- 
pirations were recorded bj’ the tambour method. Hematocrit readings 
Mmre made in duplicate with Van Allen tubes. 

Shock was produced in the following manner. In the ease of hcmor- 
rliagc blood was removed in small amounts at frequent intervals until 
a quantity equal to about 2 per cent of the body weight had been with- 
drawn over a period of approximately two hours. This resulted in an 
acceleration of pulse rate, decrease in pulse pressure, and a slight decline 
in the systolic pressure. In the case of hisfamhic the drug was admin- 
istered subcutaneouslj^ in repeated small doses of from 1 to 4 mg. until 
the systolic pressure was fairlj- stationary at approximately 100 mm. Hg. 
The average total dosage was 6 mg. adjninistei-ed over a period of ap- 
proximately two houi-s. Traumatic shock was produced by repeated 
blows with a hammer to the soft tissues of a hind limb, avoiding the 
region of the main vessels and nerves. Generel anesthesia was induced 
by ether during the period of actual trauma which usually lasted from 
two to five minutes. A systolic blood pressure of ap])roximately 100 
mm. Hg was reached in from one to four and one-half hours following 
trainnatization, with the average elapsed time being approximately 
two hours. 


The right external jugular vein, the explanted renal vein, and the 
femoral vessels of one leg Avere exposed AUider local anesthesia to 
facilitate AvithdraAval of blood samples. After the desired alteration 
in the circulation had lieen induced, blood samples for gas analysis 
AA'ere draAATi anaerobically and A\ithout stasis from the portal vein, the 
renal Amin, the femoral Amin, the femoral artery, and the right heart in 
that order and as rapidly as possible. Blood from the right heart aa’os 
obtained by means of a short cannula introduced through the right 


external jugular Amin. Immediately folloAving the taking of sample.s, 
a quantity of citrated blood equal to that AA-hich had been removed 
AAms introduced into the femoral Amin. Oxj'geu Avas then administered 
means of a Benedict spirometer containing the pure gas. Inhala- 
tion Avas contiimed for approximately fifteen minutes and shortly 
before the end of this period another set of l)lood samples Avns ob- 
tained The blood gas analyses Avere performed Avifh the Van Slykc- 
Neill manometric apparatus. 

In a fcAV instances aa’IioIc blood pH determinations Avcrc made Avith the 

t)TI electrometer. In addition a fcAv determinations of cardiac 
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RESULTS 


Experiments ivere performed on twenty-three dogs and the results 
of these are presented in Tables I, II, and III. In general, the most 
consistent results Avere obtained in those experiments in which shock 
was produced by hemorrhage. This is probably due to the fact that 
the degree of shock could be more easily controlled and that there 
were less marked fluctuations in the blood pressures of these animals. 

Hemorrhage. — There Avere fiAm experiments of this type. At the 
time of AAdthdraAAml of the first blood samples for gas analysis, there 
Avas an average depression of 45 mm. Hg in the systolic and 6 mm. Hg 
in the diastolic pressures. The average increase in pulse rate Avas 89 
per minute. PolloAving the administration of pure oxygen, the systolic 
ax'terial pressure rose an aAmrage of 6 mm. Hg and the diastolic pres- 
sures Avere usually unchanged. The average pulse rate decreased 
slightly and the respiratory rate usually remained the same. 

During the administration of oxygen, the oxygen capacity decreased 
slightly in three experiments and increased slightly in tAvo, the aver- 
age being a slight decrease. Arterial oxygen contents Avere increased 
in all instances. The oxygen content of blood from the femoral vein 
was loAver than that from other vessels in all experiments. It increased 
appreciably folloAving the administration of pure oxygen in four ex- 
periments and decreased slightly in one. All renal and portal venous 
oxygen contents Avere increased by the inhalation of oxygen. The 
average oxygen content of mixed venous blood from the right heart 
also Avas increased. The average increase in oxygen content Avith 
oxygen inhalation Avas greatest in the blood from the portal vein. 
The order of increase in 0= content of blood from other localities 
was, from greatest to smallest, the femoral vein, the renal vein, femoral 
artery, and the right heart. The average results of these experiments 
are pi'esented in Table I. 

Histamine. — There Avere seA'-en experiments of this type. The aver- 


age decline in blood pressure folloAving the injection of histamine 
hydrochloride Avas 65 mm. Hg systolic and 22 mm. Hg diastolic. The 
average increase in pulse rate Avas 122 per minute. After breathing pure 
oxygen for a pei’iod of approximately fifteen minutes, the systolic pres- 
sure had risen an ax^erage of 7 mm. Hg and the diastolic pressure had 
risen an aA'oragc of 9 mm. Hg. The pulse rate usually became sloAA'er 


and the respiratory rate remained approximately the same. 

The average of oxygen capacities Avas slightly below that of the 
samples draAvn just before administration of oxygen. The oxygen con 
tent of blood from the femoral artery ro.se in all instances ;\vhereas 
that of the femoral vein ro.se in six instances and fell in one’ the aver’ 
age being an appreciable increase. The oxygen content of samples 
from the renal vem showed an increa.se in five e.xperiments and a de 
erease m one (only six samples were obtained) ; whereas, the content 
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of iiortal venous blood was increased in four and decreased in three 
experiments. Blood from the right heart was increased in oxygen 
content in five instances and decreased in two. There was a definite 
increase in the average content of the renal, portal, and right heart 
blood, but this increase was not as max’ked as in experiments dealing 
with hemorrhage. In addition, the individual increases in venous 
oxygen contents were much more variable. The order of increase in 
oxygen contents was from greatest to smallest, femoral vein, renal 
vein, right heart, portal vein, femoral artery. This is in interesting 
contrast to the results obtained in the experiments on the effects of 
hemorrhage. The average results of these experiments are given in 
Table II. 

Trauma. — There were eleven experiments of this type. Trauma to one 
of the posterior extremities resulted in an average reduction of 67 mm. 
Hg in the systolic and of 19 mm. in the diastolic pressures. The pulse 
increased an average of 148 per minute. Administration of pure oxy- 
gen resulted in practically no change in blood pressure, but the pulse 
rate declined an average of 42 per minute. During the inhalation of 
oxygen, the average oxygen capacity fell slightly, while all arterial 
oxygen contents, with one exception, rose. The femoral venous 
oxygen content fell in three instances and rose in all others. Only 
eight renal vein blood samples were obtained and of these the oxygen 
content rose in six and fell in two, the average being an increase. 
Portal venous oxygen contents rose in all experiments except one. 
The average oxygen content of blood from the right heart was in- 
creased. On the whole the increase in oxygen content of blood from 
various sites was not as great as in the experiments on hemorrhage. 
The order of increase in oxygen content of blood from the various 
regions was, from greatest to smallest, the portal vein, renal vein, 
fenroral vein, femoral artery, and right heart. This order of increase 
is, as were the changes in hemorrhage, quite different from that order 
obtained as a result of the administration of oxygen in histamine 
shock. The average results of these experiments are to be seen in 
Table III. 

DISCUSSION 

As has been shown, the administration of high concentrations of oxy- 
gen to dogs in shock usually results in an increase in the average oxy- 
gen content of both arterial blood and venous blood returning from 
various regions. The magnitude of the effects of this on the mean 
peripheral oxygen tension may be estimated by a consideration of the 
oxygen dissociation curve for dog blood, ^ assuming, for the moment, 
constancy of hydrogen-ion concentration and that the mean venous 
oxygen tension is a function of the corresponding tissue tension 
Under the.se conditions, in experiments in which shock was the eon' 
sequence of hemorrhage, administration of o.xygen re.sulted in an aver 
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age estimated rise in oxygen tension of the femoral venous blood from 
22 to 26 mm. Hg, an increase of 18 per cent. The estimated o.xygeii 
tension of renal and portal venous blood increased 20 and 17 per cent 
respectively. When histamine was employed to produce shock, the 
estimated oxygen tension of the femoral venous blood was increased 18 
per cent; whereas, those of the renal and portal veins were increased 
10 and 4 per cent respectirmljn Inhalation of oxygen in the experi- 
ments on traumatic shock resulted in an increase in the femoral venous 
oxygen tension of 13 per cent and an increase in the renal oxygen ten- 
sion of 11 per cent. The oxygen tension in the portal vein was in- 
creased 19 per cent. 

Although in making these calculations we have assumed constancy 
of blood h 3 ^drogen-ion concentration, actuallj^ this is not necessarily 
the ease. In the first place gas analjmes revealed that in most instances 
the COj content of the blood rose during oxygen inhalation ; and sec- 
ond, the fall in arterial pll aceompanjdng this vms directlj’’ measured 
with the glass electrode in several expeilments, thus indicating clearly 
a considerable rise in alveolar CO, tension. Inasmuch as the absorb- 
ing power of the spirometer seemed adequate, it would appear that 
the respiratoiy resistance in our apparatus was responsible, although 
this is bj' no means certain. Similar evidences of progressive CO, 
excess were observed by Crafoord'^ during administration of oxygen 
under positive pressure to dogs in the course of thoracic operations 
carried out under intravenous anesthesia. 

Moderate increases in CO, tension, such as those in our experiments, 
might be expected to increase still further the availability of oxygen 
to the tissues (i.e., increase the average tissue oxygen tension). This 
is a consequence of the Bohr effect, that is to saj% the effect of in- 
creased CO, tension in increasing the percentage of ox.vhemoglobm 
dissociated at a given oxygen tension. 

The coefficient of oxj'gen x^tilization is the fraction of the total oxy- 
gen content of the blood which i.s given up to the tissues in the passage 
of blood through the capillaries. It is calculated bj" dividing the ar- 


teriovenous difference in volumes per cent bj^ the arterial oxj'gen con- 
tent in A'olumes per cent. N'orinallj', it varies considerablj' for dif- 
ferent tissues and for the same tis.sue in accordance with the degree 
of its activitj' and rale of blood flow. Be.st and Tajdor” state: “Other 
things being equal, the slower the flow of blood through the enpii- 
hries the greater will be the quantity of oxygen given up to the li.s- 
and the lower will be the oxygon content of the venous blood.’’ 
* reted in terms of the coefficient of oxygen utilization, this means 
•f tissue demand for oxj-gen remain.s the .same, an in- 

coefficient represents a decrease in the rate of l)lood flow 
crease and. conver.sclj-, a decrease in the coefficient rep- 

througi the rate of flow. Referring to I’ablc IV, it will 


resents an 
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Table IV 


The Avebaoe Change in the- Coeppiciest op Utilization of Oxygen Eesolting 
From the Inhalation op Puke Oxygen* 



POSTERIOR 

1 EXTREMITY 

KIDX^EY 

IKTES- 
: TIKES 

BODY AS A 
i WHOLE 

Average cliange produced by inhala- 
tion of pure oxygen in sliook pro- 
duced by hemorrhage 

-7% 

-3% 

[ 

-2% 

1 

Average change produced by the in-| 
haiation of pure oxygen in his- 
tamine shock 

'8% 

i 

-3% 

-3% 

■ -5% 

Average change produced by t)ie in- 
halation of pure oxygen in trau- 
matic sliock 

-5% 

-3% 

~9% i 

1 

~3% 


CMfllcjent of oxygen utilization is calculated by dividing tbe arteriovenous 
oilierence by the corresponding' arterial oxygen content. The latter is corrected tor 
changes in oxygen capacity occurring during the experiment. 


be seen that following the administration of pure oxygen there was an 
appreciable decrease in the average oxygen coefficient of utilization 
for all the regions studied. This decrease could be the result of either 
a decrease in the metabolism of the tissue or an increase in the rate of 
flow through the tissue. The foi'mer possibility appears unlikely and 
vre are led to believe that thei'e was an increase in the rate of blood 
flow through all of the areas studied. 

This apparent increase of flow in the various parts should be mani- 
fested by a rise in cardiac output and, indeed, such was found to be 
the ease in ex 2 >eriments in which this function was measured.*' Ac- 
cording to Best and Taylor,® an increased oxygen tension in the blood 
results in a slight diminution of the cardiac output; whereas, an in- 
ei eased carbon dioxide tension is usually accompanied by an increase 
m cardiac output. Sollmaiv states that capillaries are constricted 
by excessive oxygen tension and are dilated by excessive carbon di- 
oxide tension. Inasmuch as both an increase in oxygen tension and 
an increase in carbon dioxide content of the blood occurred in most 
of our experiments, it is impossible to determine ndiich factor was 
dominant ; however, it was noted that there was usually a slight rise 
in the blood pressure and a decrease in the pulse. This, under ordinary 
circumstances, would mean an increase in cardiac efficiencv and prob- 
ably in output. 


^ average decrease in oxygen coefficient of utilization 
( 1 able ) as a very rough measure of the quantitative change in rate 
o flow, one .sees that there arc variations between the average change 
m rate of flow from the same regions in the different types of shock 
In the h-aumatic and hemorrhagic types of shock, the avera-e de- 
m oxygen utilization by the different regions bear a strikinglr 

fornSf4tL made prior to oxygen inhalation xverc per- 











256 


SURGERY 


simiiar relationshii^ to each other ; in shock produced by histamine this 
relationship does not hold. Thus one finds that the presumed increase 
in rate of flow is much less marked in the intestinal region in those 
experiments in which shock was produced by histamine. 

The difference in the response to oxygen therapy of shock as pro- 
duced by hemorrhage and by trauma and that produced by the injec- 
tion of histamine further emphasizes the view that the alterations in 
the circulation are not identical in these types of peripheral circulatory 
failure. 

SUMMARY 

1. The effects of the administration of pure oxygen to dogs with mild 
peripheral circulatory failure produced by hemorrhage, trauma, and in- 
jection of histamine have been studied. 

2. The inhalation of oxygen under these conditions results in a con- 
siderable increase in the amount of oxygen available to the tissues, as 
evidenced by a rise in arterial oxygen content and increases in venous 
oxygen content of blood from various parts. This availability may be 
further enhanced by concomitant increases in carbon dioxide tension. 

3. The observations confirm the prevailing impression that inhala- 
tion of high concentrations of oxygen exert beimficial effects in the 
treatment of peripheral eircirlatory failure. 
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A TECHNIQUE FOR TOTAL GASTRECTOMY 
Roscoe R. Graham, M.B., Toronto, Ontario 

(From the Department of Surgery, University of Toronto, and the Surgical Depart- 
ment of the Toronto General Eospital) 

T here are many physicians and a few surgeons who believe that 
the operation of total gastrectomy is a veiy questionable procedure. 
This is based upon the following data: first, there, is a very high im- 
mediate mortality directly attributable to the operation; second, prac- 
tically all patients who survive the operative ordeal ultimatelj'- die from 
metastases arising from the gastric cai’cinoma; third, the dietetic re- 
strictions which manj'- such patients must observe following survival 
from the operation of total gastrectomy are such as to be incompatible 
■with happiness and freedom from gastrointestinal discomfort. 

All -who have struggled in attempting to solve this problem must 
accept the fii'st two objections as being valid. The third, however, is 
debatable. It is true that some patients who have survived a total 
gastrectomy are unable to cany out a dietetic regimen which results in 
complete freedom from gastrointestinal symptoms. On the other hand, 
we have had patients who, apart from eliminating a few specific articles 
of diet from their menu, had a return of appetite and achieved freedom 
from gastrointestinal distress for as long as turn and one-half years. 

The enthusiasm ■which the individual surgeon displays for this opera- 
tive procedure will depend largelj' on his pliilosophy of life. If such 
philosophy demands that all efforts be used to prolong life, even though 
the effort be accompanied by grave immediate risk, and though the 
patient ultimately must die from carcinoma, providing he lives long 
enough, then such a surgeon must be an advocate of total gastrectomy. 
Our experience with total gastrectomy in nineteen cases represents ef- 
forts to restore continuity bertveen the esopliagus and the rest of the 
gastrointestinal tract b3^ man.v combinations and permutations of anas- 
tomoses betwmen stomach, duodenum, and jejunum. The niortalitj’' 
until recently has been due almost entirelj' to the technical difficultj' of 
seeming a satisfactory esophagojejunal anastomosis. In one case in 
which the patient survived an esophagoduodenal anastomosis, he was 
never able to achieve as gi’eat ga.stroiutestinal comfort as we would -wish. 

Tire preoperative preparation of patients wiro are possilrie candidates 
for total gastrectom.v must be adequate. Tliis demands the restoration 
of the fluid and salt balance and the correction of the avitaminosis 
which is almo.st invariably pre.sent. due either to the patient’s inability 
to take an adequate diet or to the fact that a diet deficient in vitamins 
has been prescribed. The hazards of an associated anemia can be con- 
trolled bj- meajis of blood transfusion. 
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Despite our belief that this operation is justifiable, the high primary 
operative mortalitj’ has made us pause, on man}' occasions, to question 
■whether 'we -were justified in asking patients to accept s\ich an opera- 
tive z’isk ; yet, udien it is realized that without excision of the carcinoma 
a distressing death awaits the patient, the attempt to relieve the s.vmp- 
toms becomes justifiable. The technique which is presented has been 
carried out in six cases, and in none of these has the primary cause 
of the still appalling- primary mortality been due to the esophago- 
jejunal anastomosis. One patient died of peritonitis, due to obstruc- 
tion of the distal jejunum, the result of a jejunostomy which ob- 
structed the jejunum. This obstruction resulted in a ballooning of the 
proximal jejunal limb to such a degree as to result in a leak at the 
esophagojejunal line of anastomosis. The second patient died from 
anuria following a transfusion. This unfortunate and still unex- 
plained reaction occurred despite tlie most meticulous care in the 
laboratory in carrying out tests for determining compatibility of donor 
and recipient bloods. One patient died from coronary thrombosis 
when convalescent. One died fi-om acute pancreatitis, the result of 
damage to the pancreas following a partial resection of this organ, 
■(vhich was involved in the neoplasm. One patient is still alive and 
well nineteen months after operation. A recent patient died forty- 
eight hours postoperative!}', and this is the only case in which it was 
impossible to secure a post-mortem examination, and it is believed that 
this death was due to an overwhelming respiratory infection. 

Of the other thirteen cases, there were foui- survivals. Three died 
of cardiovascular accidents, one of a cerebral embolus on the tenth 
postoperative day. This patient liad a coincident removal of the 
spleen, and it would appear that the vascular accident was contributed 
to bv the increase in platelets which followed the splenectomy. Since 
this experience we have avoided removal of the spleen wherever pos- 
sible despite the fact that the coincident removal of this organ greatly 
simplifies the technical procedure. If. because of accidental injury of 
the splenic blood supply, or because of the site of the growth splenec- 
tomy becomes necessary, the patient should be given heparin post- 
operative!}' in an effort to prevent a repetition of such an unfortunate 
'asciilar accident. One patient died of hemorriiagc which came on 
^"'llenlv forty hours post opera lively. Only one patient had a sub- 
^'r-enic'infection. which occurred six weeks i)osf operatively, the result 
^f a leak at the anastomosis. The other deaths were due to a leak at 

the' esophagojejunal anastomosis. 

This terrific mortality is not such as to n.ake one proud of the rc- 
T • -esented to .show the tenaeily of purpose winch is promrifed 
suits. It IS pi _ f,(, ,„,,(lc to extirpate a gas- 

by the firm be i ‘ • incvitablv fatal. This attitude 

trie carcinoma which, it leti i - 
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is further justified the fact that in seven of these nineteen eases^ or 
36.8 per cent, there ivas no evidence of extension of the disease beyond 
the stomach and no metastatic disease in the adjacent lymph glands. 
The fact, then, that over one-third of the cases of ga.stric carcinoma 
are lethal solely because of the local extent of the disease, justifies the 
hope that a survival following a total gastrectomy ma}’’ result in a 
prolongation of life, freedom from gastrointestinal distress, and a 
mental peace which will justify the high primary operative mortality. 
It is hoped that our future efforts as a result of the technical procedure 
to be presented may result in a loiver mortalit}". This hope is justified 
by our experience rvith the last six cases, in which in only one instance 
was the anastomosis a factor in the ultimate mortality, and this only indi- 
rectly, because of a technical error in the performance of a jejunostomy. 



A finger- 

frees tKe ocsopKa.gas 
from, diaphragm and 
u\.edia.6hn.um_, perTn-iiting 
it to be drawn into 
the abdomen. 


1 . 


I Jejunum united 
to diaphragm 
with interrupted 
l^^^utures. 


Total 

G a.strectomy 


illustration shows 

troni tiic niarclns of flit In lu^™'R“t’l'™snmtic iongth ot the esopliagus by freeing it 
tlie nieaiastinnm,’ The nnger along the esopisagu.s into 

Juncture i.s fastened to tho’ai*. f i ‘ 1 ^ elslRpcn indies from tlie duodenojejunal 

of Interrupted sutures dlapiiragm behind the entrance of the o.sophagns b 7 106^03 
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DETAILS OF THE OPERATIVE PROCEDURE 

The abdomen is opened by displacing the upper right rectus later- 
3^13^ bj’’ a right paramedian incision. A snrvej' of the intraperitoneal 
lesions must be carried out before any further direct attack on the 
gastric neoplasm is made. Particularly one must be certain that no 
metastases are present in the pouch of Douglas in the female, or in 
the rectal shelf in the male; that the liver is free from metastases; 
that the carcinoma has not invaded surrounding structures ; that the 
glandular involvement is not so extensive as to be incapable of re- 
moval. If the disease is limited to the stomach and adjacent lymph 
glands, and the involvement of other structures does not preclude its 
excision, then adequate exposure must be provided. Transverse divi- 



wi,, 9 —The infracliaphragmatic portion of the c.sophaBUS la placed on the anterior 
r i'f the distal limb of tlie Jcjimtiin and fastened there by means of internipled 
Tl.e Lcvrne tube In the esophagus b.v means of atlaehn.ent to suction 
apparaturkceivs the esophagus free from accumulated secretions. 


ion of the left abdominal vail midway between tlie ensiform and the 
^ ibilieus is a great asset. The maneuver of mobilizing the left lobe 
f'the liver as impularized by Turner adequately exposes the entrance 
the esophagus to the peritoneal cavity. The great omentum is re- 
^ - 1 in its entiretv and the greater and lesser curvatures of the 
1 mU'/Pfl and the duodenum divided just distal to the pylorus. 

me technique of tins ^ 

Zi!'SlCcrnnlU it is wrapped in gauze which is tied with heavy 
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tape. By downward traction, using the stomach as a handle, the finger 
is inserted between the esophagus and the opening of the diaphragm. 
This will isolate both yagi, the division of which will permit the mobil- 
ization of the esophagus to a surprising degree. Further separation 
of the periesophageal structures by blunt gauze dissection will often 
make it possible to draw down the esophagus a distance of two inches 
below the opening in the diaphragm. When this has been accom- 
plished, the suggestion of Allen^ of suturing- the jejunum to the under- 
surface of the diaphragm by means of interrupted sutures is carried 
out (Fig. 1). A point in the jejunum approximately eighteen inches 
from the duodenojejunal junction is selected and the jejunum is 
brought up in front of the transverse colon to be fixed to the dia- 
phragm. The procedure advocated by Allen adequately fixes the 
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jejunum and prevents tJie veiglit of jejunal contents from being a factor 
in creating tension on the new esophagojejunal anastomosis. Wlien the 
jejunum is firmly anchored to the diaphragm, the infradiaphragmatic 
portion of the esopliagus is then fixed by means of interrupted sutures 
to the anterior surface of the distal limb of the jejunum. Usually three 
or four such sutures on either side are sufficient to achieve this, the 
most distal suture on either side being held in hemostats to act as guy 
sutures (Fig. 2). The esophagus then may be divided, great care be- 
ing taken to keep up continuous suction by a Levine tube which had 



L«vln.e tabe passed into 


iojunum well beyoad 
anastomosis 







Anastomosis completed.'^^^^^P© 
Proximal jejanum, folded 
over oesophagus and 

. r> .1 
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of distal jejunum. ^ uiAM 
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Entero - enterostomy 


1 d Whnn the DO'stcrioi- hi.vcr ot mucou.x nieiTibiiine suture.'; i.s completed. 

Figs. 0 anti 6.— \W 1 C fm-tucr Into the distal jejunum well past the esophago- 

the Levine tube IS pas. anterior Iiiver.s of the nna.storno.si.s are complclod. The 

jejunal anastomosis ami , , , .p,. front of tlie e.sopbagus and the e.sopbago- 

proximal Jejunum is tl en oi u . margin of the distal limb of the jejunum, 

jejunal anastomosis and u t^^ ,'.«oi>liagojojnnal anastomo.sl.s are completely 

Bv this maneuver the e.sop b cont-act of peritoneum to peritoneum en.mires henl- 

encircled by tl'U Jejunal loop.. ‘ntart of the bare e.»opbagu.s to the jejunum. TbI.s 
mg to a greater degree than ^ j,.junal loop and mahe.s an entero- 

maneVer completely this anastomosis the Iwlne tube Is pas.sed further 

Siastomosls "“Pff friSlum to make possible direct jejunal fce-IIng earlj- In the 
down into the distal jvj 

pSfs convalescence. 
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been passed into tlie stomacli before the operation, and which is now 
withdrawn to a point in the esophagus just proximal to the line of 
division. If it has been possible to bring down onlj^ a short infra- 
diaphraginatic portion of the esophagus, it may be advantageous to 
retain the stomach as a means of doAvnward traction while interrupted 
sutures unite the posterior wall of the esophagus to the anterior’ rvall 
of the jejunum (Fig. 3). The esophagus then must be divided and 
the jejunum is opened. The Levine tube is then passed doivn into the 



F>e. 7. — Case of Mrs. C. B. (No. A51111). total gastrectomy, July. 1938. X-ray 
study, Aug. 15, 1938, showed evidence of efficient anastomosis. Alive and well, 
February, 1910. 

distal jejunum after the posterior layer of the anastomotic suture has 
been completed (Pig. 4). The anterior layers of the anastomosis are 
completed in the usual manner, making a very satisfactory end-to-side 
stoma between the lower cut end of the esophagus and the anterior 
wall of the distal limb of the je.juiium. lYhen the anastomosis is com- 
pleted. the proximal jejunal loop is then rolled laterally across the 
c.sophagiis and sutured to the left lateral margin of the distal limb of 
the jejunum. This completely surrounds the infradiaphragmatie por- 
tion of the esophagus with the jejunal loops, and very firmly covers 
and .supports the eiul-to-side jejunoesophageal anastomosis, as indi- 
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cated in Fig. 5. Tliis maneuver coinpletelj’’ obstructs the proximal 
jejunal loop, and therefore an enteroenterostomy must be carried out 
between the proximal and distal jejunal loops. During the perform- 
aiice of this anastomosis, the Levine tube is passed on into the distal 
limb of the jejunum past the enteroenterostomj- (Fig. 6). The ab- 
dominal wall then may be closed in layers ■without drainage. A stitch 
placed in the patient’s cheek is tied around the indwelling Levine tube, 
in order that the patient’s immediate postoperative restlessness will 
not result in removal of this tube. While the interrupted sutures in- 
dicated in the text and in the diagrams may be accomplished by means 
of catgut sutures, I prefer to use silk. The minimal trauma and tissue 
reaction about silk commends it to a very great degree in this operation. 

Immediately following operation, the fluid balance is maintained b}" 
means of the intravenous administration of 5 per cent glucose in saline 
solution and 5 per cent glucose in distilled water, 1,500 c.c. of each in 
twenty-four hours. Five hundred cubic centimeters of blood are given 
during the operative procedure. No food or fluid is given by mouth, 
but the patient is allowed to take ice chips. The oral cavity is sprayed 
with liquid paraffin, which adds greatly to the patient’s comfort by 
avoiding a dry mouth, and it also allays the irritation from the in- 
dwelling Levine tube. In addition it is a real factor in the prevention 
of postoperative parotitis. At the end of twenty-four hours 10 per 
cent glucose in saline solution can be introduced into the jejunum 
through the Levine tube by the drip metliod at the rate of 125 c.c. an 
hour. At the end of forts'-eight hours, the type of feeding and man- 
agement as advocated in the tube treatment of gastric ulcers is ap- 
plicable here.^ Tlie x-ray appearance of the anastomosis is shown in 
Fig. 7. This patient Avas operated upon July, 1937, and to date is aa'cII 
and free from recurrence and suffei-ing no gastrointestinal distress. 


CONCLUSIOXS 

1. Over one-third of the patients submitted to total gastrectomy had 
no histologic CA'idence of metastasis in the regional lymph glands or 
in other intraperitoneal structures. 

2 Such an incidence of local disease juslifies the operation of total 
frastrectomy, despite the high primary postoperative mortality. 

'"*3 The survival from this procedure is compatible with happiness, 
negligible dietetic restrictions, and freedom from gastrointestinal 

The technique of esophagojcjunal anastomosis here presented of- 
fers a method Avhieh, it is hoped, will decrease the immediate post- 


operative mortality. 
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THE SUEGICAL TEEATMENT OP PEIMAEY 
DUODENAL DIVEETICULA 

John J. Mokton, M.D., Eochester, N. Y. 

(From the Department of Surgery, the University of Rochester School of Medicine 

and Dentistry) 

T he history of the surgery of primary duodenal diverticula is a 
relatively recent one. It dates back for only twenty-five years when 
Porsell and performed the first deliberate attack on a primary 

duodenal diverticulum. Diverticula secondarj^ to duodenal ulcer had 
been recognized and treated for a longer period. Here, however, the 
operation Avas directed against the ulcer, and the associated diverticulum 
was a mere incident. 

Although primary duodenal diverticula are relatively common, indica- 
tions for surgery upon them have not been of great frequency. In the 
University of Eochester Hospitals primai’y diverticula of the duodenum 
have been recognized in at least thirty -three individuals but operation 
has been performed in only two instances. 

CASE REPORTS 

Case 1. — I. B. (No. 161042), a 57 -year-old AvoTnan, Avas admitted to the Strong 
Memorial Hospital on Jan. 12, 1940. Bor the past eight or nine years she lias had 
frequent attacks of dull aching in the right upper quadrant. Tlie pain radiated to 
the right posterior chest Avail and right shoulder. During tiio last tAvo month.'? 
the attacks had increased in frequency, seA’erity, and duration. The distress Avas 
almost constant although mild. The only other symptom noted Avas frequent gaseous 
eructation. In her past history the patient had an appendectomy and bilateral 
salpingo-oophoreetomy twenty-nine years ago. There Avere attacks of renal colic 
and pjTiria ten years ago. 

Examination was negative AA-ith the exception of an area of tenderness on deep 
pressure in the right epigastrium just above and slightly lateral to the umbilicus. 

Laboratory examinations shoAved a rather large gall bladder Avith poor emptying 
after a fatty meal. There Avere no stones visualized. The gastrointestinal series 
revealed a diverticulum of the descending duodenum (4.5 by 5 cm.) AA-ith no 
retention of barium. On fluoroscopic examination the tenderness previously noted 
was found to bo directly over this diA-erticulum. The diverticulum seemed to be 
close to the region of the common duct entrance. There were also several olive- 
sized diverticula of the first jejunal loop made out. 

At operation, the gall bladder appeared to be normal. At least six diverticula 
AA-ere demonstrated in the jejunum. These had no evidences of inflammation or 
obstruction. The duodenum Avas mobilized by dividing the peritoneum along its 
lateral edge and rotating the visens toAA-ard the midline. The diverticulum was 
demonstrated. It Avns freed from its position betAvecn the common duct and head 
of the pancreas until it could be brought into the peritoneal eav-ity at the right 
.side of the descending duodenal loop. The mouth admitted the index finger 
readily. The superior puncreaticoduodenal artery ran OA'or the neck of the sac. 
The opouing avus intimately associated with the papilla of Valer. It Avns com 
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sidered better surgery to treat this diverticulum conservatively. Accordinglj' it 
was left in situ in the belief that it would not trap duodenal contents and would 
no longer e.vert pre.ssure on the common duct junction. 

Postoperatively the patient made a good recovery. She has been free 
from symptoms for two months. Time will tell whether the surgeon’s judgment 
was good. 


Case 2. — ^B. D. (No. 1044CG), a 60-ycar-old woman, was admitted to the Strong 
Memorial Hospital on Dec. 10, 1939. Two days previously she had a sudden onset 
of severe epigastric pain, starting shortly after breakfast. It was crampy in nature 
and centered more in the right upper quadrant. It was accompanied by cliills, fever, 
and vomiting. There was radiation of pain to the back but not to the right shoulder. 
The pain subsided in five hours, but anorexia, malaise, fatigue, and nausea persisted. 
The skin was noted to become yellowish. The urine was dark; the stools were not 
observed. There was no previous history of similar nature. The rest of the history 
had no bearing on this illness. 

Examination shon-cd an acutely ill, irritable, drowsy person with moderate 
icterus. There was tenderness in the right upper quadrant but no spasm. The 
examination was negative in other respects. Tlie temperature was normal, the 
pulse was 80. Positive laborator}' findings were bile and acetone in the urine. 
The icteric index was 13. Cholceystogram showed poor concentration of the dye 
but nothing that could be interpreted as galkstoncs. Gastrointestinal series demon- 
strated a small diverticulum (4 by 4.5 cm.) of the descending loop of the duodenum. 
There was also a large diverticulum (4.5 by C cm.) coming off the ascending por- 
tion near the ligament of Treitz. There was tenderness over this latter di- 
verticulum, and retention of barium at tlio four-hour examination. Diagnosis: 
Cholecystitis probable; diverticula of the second and third portions of the duo- 
denum. The patient’s acute symptoms quickly subsided on a smooth low fat 
diet and atropine. She was discharged ten days after admission. She was re- 
admitted on Feb. 27, 1940. In the interval she had remained weak and was 
slow in regaining her strength. She began to feel better about one week before 
this second admission. Four days before, she had another attack of severe 
epigastric pain, lasting five hours. It required morphine for relief. There was 
no vomiting but persistent nausea. No icterus was noted. She has had head- 
aches and soreness between the shoulder blades. Upon examination there was 
tenderness in the right upper quadrant, but nothing else of significance. 

At operation, a thickened gall bladder was removed. It contained stones. The 
diverticulum of the third portion of the duodenum was exposed by dividing the 
gastrocolic omentum and entering the le.sser peritoneal sac. The fourth portion 
of the duodenum was isolated. The pancreas was lifted up from it and the 
duodenum traced to its third portion. At this place the neck of the diverticulum 
isolated. The pouch was freed, the neck of the sac divided. The defect was 
^ d finst with a Parkcr-Kerr stitch and then with a purse-string .suture iri- 
°T'ng tiie mucosa. A third layer of interrupted silk sutures in the serosa was 
uSod" Operation was done by Herman Pearsc. 

’ Recovery was uneventful. Patient is well to date. 


T -J, apparent, from a close study of tlicsc two records that perhaps 
• tboso' cases operation was ncco.ssary Itccansc of otlmr patliologic states. 

rs G,o,-o was a mechanical factor of hack pressure on the common 
? Tim patient had been told elsewhere that she had a diseased 
duct. Y ® . ppicd with her fear that it was malignant, made 

gall bladder. > nbVmntorv In Case 2 the presence of a pntiiologie 
an exploration almost obli.aioi. 
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gall bladder probably accounted for the symptoms. The diverticulum 
was removed in order to eradicate a potential source of danger. 

A review of the literature on this subject leaves an impression that 
primary diverticula of the duodenum in most cases do not cause symp- 
toms. The majority of the diverticula arise in the region of the ampulla 
of Vater. The outpouching occurs through a potentially weak area in 
people beyond 25 years of age, most frequently in the late 40 ’s or 50 ’s. 
The opening is usually large; the sac empties easily because it has de- 
pendent drainage. The position of the sac is nearly always retroperi- 
toneal and on the concave side of the duodenal loop. There is thus a 
support from the peritoneum, the pancreas, and the duodenal wall itself 
so that these herniations cannot easily sag or kink at the neck of the 
sac until they have attained a large size. Some of them are completely 
siu'rounded by pancreatic tissue. They may contain accessory pancreatic 
tissue in their Avails. 

There is evidence, however, that in some instances symptoms have been 
due to the diverticulum. There are enough Avell-documented eases 
to indicate that removal of the diverticulum has been followed by a 
complete absence of the distress Avhieh prompted operation. In such 
cases symptoms may have followed a gastric, duodenal, biliary, pan- 
creatic or intestinal stasis pattern. Typical examples can be quoted in 
support of each of these. There is thus no definite clean-cut picture by 
Avhich a clinical diagnosis can be established. But, if such a patient 
with symptoms referable to the upper abdomen can be shoivn to have 
negative examinations for the stomach, duodenum, biliary tree, pan- 
creas, and upper intestine, the dii'erticulum may then be presumed to 
be at fault. If also it can be shown to have tenderness over it on 
fluoroscopic examination and stasis of the barium in its sac, the evi- 
dence becomes stronger. In some eases the duodenum above the 
diverticulum may shoiv evidence of partial obstruction. This is mani- 
fested by dilatation of the loops, an upset in the peristaltic regularity, 
and perhaps pylorospasm. 

The presence of inflammation can manifest itself as a localized 
diverticulitis; or as an extension into the biliary tract, pancreas, or 
adjacent structures. This may give rise to secondary cholangitis or 
cholecystitis, pancreatitis, etc.-’ ®’ The presence of jaundice has been 
noted frequently in these cases. Diverticulitis may be catarrhal, sup- 
purative, gangrenous. There have been perforations Avith local abscess 
or peritonitis (Table Y). 

Finally, there is a remote chance of neoplastic change in a duodenal 
diverticulum. Jloi'rison and Feldman''- described a carcinoma in such a 
case ; and Mcndillo and Koufman,“ a leiomyosarcoma in another. 

There is a .jnstification for snrgcry of duodenal diverticula upon the 
folloAving grounds : (A) mechanical: (1) giving rise to symptoms from 
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local stasis in the diverticulum, (2) giving rise to symptoms from partial 
obstruction to the biliary tract, pancreatic ducts, or duodenum; (B) in- 
flammatory: (1) local diverticulitis, perforation, abscess, peritonitis, 
(2) secondai'y intlammation of the biliary tract (jaundice), pancreas, 
duodenum, retroperitoneal tissues; (C) neoplastic change. 

It is possible also that the presence of diverticula may upset the smooth 
running of the gastrointestinal tract by disturbances in the nervous 
control. 


Operations upon duodenal diverticula have been of several different 
types. First of all, in very difficult cases a direct attack may be avoided 
by resorting to a side-tracking operation. This has been the solution 
used by many ■well-known surgeons, no attempt being made to expose 
tlie diverticulum. Sueli operations as pyloric division i\'ith a Polya type 
of anastomosis have been done. In the absence of a pathologic lesion 
in the antrum or in the first part of the duodenum such an operation 
is not to be recommended. 


Direct approach to the diverticulum varies with its situation. When 
the diverticulum is in the descending loop (second portion of the 
duodenum), its position is nearly always retroperitoneal. It frequently 
is peri-Yaterian and in close relationship to the openings of the com- 
mon duct and the pancreatic duets. At times it is embedded in the 
pancreas. It is on the concave side of the loop and posterior. Jlany 
times the main pancreaticoduodenal vessels run directly across the 
neck of the sac. In a number of instances .surgeons have failed to find 
such a diverticulum at operation. This was more fi-equent when these 
cases were first being explored. 

The approach from the medial side of the duodenal loop is difficult 
and annoying. There are many small vessels entering the tissues about 
the head of the pancreas. Nevertheless some sirrgeons have made this 
approach successfully, even dividing the pancreas over the sac in order 

to identify it. 


The approach from the lateral border of the duodenum is better. 
The peritoneum is divided along the lateral border of the duodenum. 
This is a relatively bloodless area. The surgeon then mobilizes the 
duodeinwi towards the midline. He can turn it over, exposing the 
•ior wall. The duodennm can be exposed posteriorly all the way 
itz’s ligament in this manner. It is the type of approach recom- 
^d^d bv Ladd^' and by Morton and Jones” for congenital duodenal 
mende } ‘ ^ diverticvrlum can be inverted without 

obstructions^^ x\\e diverticulum is freed from the surrounding 

excision.- .gj^.j|*^(lisseetion. The neck is ligated, the sac excised, and 
tissues by eaie duodenum. Reinforcing sutures may be 

the stump iw'' Ijjg defect may be closed in a transverse 

used. ancreaticoduodenal vessels may be pushed aside and 
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preserved. If fhe opening of tlie sae eneroaelies upon tlie ampulla, it 
may be dangerous to excise it. 

Maclean®® described a method Avhich possesses merit. The duodenum 
is opened directly on its anterior surface in the descending portion. 
The neck of the sae is found and its relations to the ampulla visualized. 
The surgeon inserts his finger into the sac through its neck. It is then 


Table I 

UlVEUTlCVLA DvjOBEKOM, DESCENDING LOOP, SECOND PORTION, NO INFLAMMATION 


YEAR. 

AUTHOR 

SEX 

AGE 

OPERATION 

RESULT 

1915 

Porsefi aad 

Female 

41 

Besection, suture 

Well 

1919 

Key 

Siegrist 

Male 

48 

Eeseetion, suture; adherent 

Well 

1925 

Lecene 

Female 

52 

to pancreas 

Resection, suture 

Well 

1926 

1926 

Stiles* 

Kinard and 

Male 

68 

Eeseetion, suture 
Appendectomy ; resection, 

Well 

Well 

1926 

Vandel 

GrSgoire 

Female 

60 

suture 

Resection, suture 

Well 

1929 

MoQuay 

Case 3 

Female 

34 

Resection, suture 

No change 


Case 6 

Female 

40 

Besection from pancreas ; su- 

Well 

1931 

V. Priedricli 

Male 

57 

ture; degastroenterostomy 
Resection, suture 

Not stated 

1932 

Hanke 

Case 2 

Female 

48 

Besection, suture 

Symptoms re- 


Case 3 

Female 

43 

Posterior gastroenterostomy ; 

curred 

Well 

1932 

Harris 

Female 

49 

diverticulum not disturbed 
Resection, suture ; stone in. 

Well 

1933 

Sullivan t 

Case 1 

Female 

56 

diverticulum 

Resection from pancreas. 

Local pancre- 


Case 2 

Male 

63 

suture 

Diverticulum inverted; pylo- 

atic abscess 
draining 

Well 

1934 

Edwards 

Female 

54 

rectomy posterior gastro- 
enterostomy 

Resection, suture 

Well 

1936 

Tanner 

Female 

65 

Besection from pancreas, 

Well 

1936 

Plctclier and 
Castledcn 
Case 1 

Female 

64 

suture 

Resection, suture 

Well 


Case 2 

Female 

52 

Resection, suture 

Well 


Case 3 

Female 

42 

Resection, suture; adherent 

Well 

1936 

Albers 

Female 

40 

to pancreas 

Resection, suture ; chole- 

Well 

19.3S 

MentliUo nncl Mnle 
Ivonfman 

49 

cystectomy for gallstones 
Resection, suture ; leiomyo- 

WeU 

1939 

Hollncr 

Female 

es 

sarcoma in sac 

Re.ccction, suture 

Well 

Sprip;:8 nna 
ISoo Barnes. 

Mnrxcr. 
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Table II 


Diverticula DuoimNusr, Tiiinn Pobtion, No iNELAMjiATiof; 


YKAU 

AUTHOR 

SEX 

AGE operation 

RESULT 

D017 

Bnscli 


Female 

s 36 Through mesocolon; resection, Well 
suture, posterior gastroenter- 
ostomy 

3P22 

Downes 

Cnso 2 


Female 

53 Through mo.socolon; 
suture 

resection, Well 

3!)27 

Maclean 
Case 4 


Female 

f Resection, suture 

Well 

3027 

Jacquolin and 

Qudnu 

Male 

57 Through mesocolon; 
suture 

resection, Well 

303S 

Guthrie and Brown 

Female 

50 Resection, suture; degastroen- Well 
terostomy 

easy 

to dissect it from tlic surrounding ti.ssues. The diverticulum is 

mvei'ted into the duodemiin. 

Its neck is ligated and it is removed. 

The 

opening in 

the anterior 

duodenal wall is repaired by suturing it 

in a 

transverse 

direction. ' 

This method is especially useful when 

the diverticulum is embedded in the pancreas. 


AVhen the diverticulum is 

in the third or fourth 

portion of the 

duodenum, it is 

still relatively inaccessible. It can be demonstrated 

by approaching 

this part of 

the duodenum through 

the transverse 





Table III 



Diverticula Duodenum, 

Fourth Portion, No Inflammation 

year 

author 

SEX 

AGE 

OPERATION 

RESULT 

1922 

Bobineau and 
Gaily 

Female 

39 

Through mesocolon; resec- 
tion, suture; attached to 

Well 




pancreas 


1927 

Larimore and 
Graham 

Female 

03 

Through mesocolon; had to 
cut Treitz ligament; re- 
section, suture 

Died, strepto- 
coccic perito- 
nitis; no leak 

1927 

Maclean 

Case 3 

Male 

37 

Through mesocolon behind 
pancreas; resection, su- 
ture 

No follow-up 

3927 

Krogius 

Female 

04 

Through mesocolon ; adhe- 
sions to jejunum; resec- 
tion, suture 

Well 

1928 

Lund 

Female 

63 

Through mesocolon ; resec- 
tion, suture ; accessory 
pancreas present 

Well 

3933 

Denis 

Female 

60 

Through mesocolon ; resec- 
tion, suture 

No follow-up 

1933 

Cromie 

Female 

38 

Through mesocolon; resec- 
tion, suture 

Well 

1933 

Barnes 

Female 

58 

Through mesocolon; resec- 
tion, suture 

Well 

193G 

CUristidi 

Male 

32 

Through mesocolon; resec- 
tion, suture 

Well 



MORTON: PRIJIAEY DUODENAL DIVERTICULA 


271 


mesocolon. The retroperitoneal tissues are then divided. The duo- 
denum is exposed from its under surface. The diverticulum is usually 
behind it and between the duodenum and the pancreas. Or it may 
be in the pancreas itself or behind this organ. It may be necessary 
to divide Treitz’s ligament in order to get complete exposure. 

In every case of diverticulum of the duodenum at operation a thor- 
ough investigation of the abdominal organs should be carried out. 
There is always a possibility that the sj'mptoms are due to some asso- 
ciated pathologic lesion, the diverticulum being an incidental dis- 
covery. 

Eesults from surgery of the duodenal diverticula are good as reported 
in the literature. Relief had been obtained in 80 per cent of the cases 
reviewed. In 8 per cent no follow-up was given; in 6 per cent the 
symptoms were not relieved. In one patient following operative re- 
moval a localized pancreatic abscess formed and was still draining 
at the time of the report. Drainage was used in 12 per cent, but these 
include the acute diverticulitis eases where it was indicated. In the 
uncomplicated resection there is no need for drainage unless the tissues 
have been severely damaged in the operation. Death occurred in 6 
per cent. In two of these there were acute perforations; in the third, a 
streptococcus peritonitis. 

Tables I-V were made up from articles consulted in the prepara- 
tion of this report. There may be other contributions which haim 
been overlooked, as not every reference could be followed up. Many 
diverticula associated with duodenal ulcer were eliminated as these 
represent secondary diverticula of the traction type. There were also 


Tabae IV 

Diverticula Duobexum, Multiple, No Ikelaiimatiox 


YEAR 

AUTHOR 

SEX 

AGE 

OPERATION 

RESULT 

site 

1920 

Clairmont 
and Schinz 
Case 2 

Male 

30 

Excision with wall; 
transverse suture 

IVell 

2 diverticula in 
tliird portion 

1922 

Do^Ties 

Case 3 

Fem.Tle 

39 

Through mesocolon; 
could not find; 
then mobilized de- 
scending duode- 
nnm; resection, 

suture 

Well 

2 diverticula in 
third portion 

1928 

HeUlocker 

Male 

54 

Inverted 

Well 

Multiple in duode- 
num and jejunum 

1929 

McQuav 
Case’ 10 

Female 

78 

Duodenotomy; re- 
.section, suture ; 
retraction of mes- 
ocolon; resection, 
suture 

Well 

1 diverticulum in 
second portion, 
head pancren.s 

1 diverticulum in 
third portion 

1922 

Hankc 

Case 1 

Female 

•13 

Rc.scction, suture 

Well 

3 diverticula in sec- 
ond portion 




Table V 

Diverticula Duodenum, Infection, Acute and Chronic 
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a large numlier of excellent reviews on the diagnosis, pathology, and 
x-ray appearances of these diverticula. These have not been included 
in the bibliography as they made no contribution to the snreical treat- . 
ment. 
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THE PROBLEM OP SURGICAL ARREST OP MASSIVE HEMOR- 
RHAGE IN DUODENAL ULCER'* 


The Technique of Closing the Duodenuji 
Owen H. M^angensteen, M.D., Minneapolis, Minn. 

(Vrom the Department of Surgery, University of Minnesota Medical School) 

S urgeons and internists alike, interested in and concerned with 
the vagaries of nicer, have related that they have not had occa- 
sion to resort to direct surgical means for the aiTest of massive hemor- 
rhage in bleeding nicer (Bier,^ Hnrst and Ryle,^' Kronlein^®). Up 
until qnite recently this seemed to be almost universal experience; 
namely, that bleeding from an nicer coidd be controlled by conserva- 
tive means in almost all cases. Por many years, however, Pinsterer,®’ ® 
of Vienna, has been insisting that, if bleeding continued beyond forty- 
eight hours, recourse should be had to surgery. In this country, Allen, 
of Boston, was the first to insist on a program of direct operative at- 
tack for threatening bleeding. Since these expressions have ap- 
peared, many clinics have taken occasion to study their own expei’ience 
with reference to massive bleeding (Hinton,’^’ Pfeiffer,®®' SnelP®). 
Whereas previously it was believed on every hand and stated fre- 
quently that death from hemorrhage was a rare occurrence in ulcer, 
it is becoming more and more apparent that the lives of a fairly large 
number of patients with ulcer are lost through the agency of hemor- 
rhage. 

At the Municipal Hospital in San Francisco, Goldman®^’ found 
that of 349 patients admitted because of gross hemorrhage 31 (11.1 per 
cent) died of exsanguination, while an additional 17 (4.9 per cent) died 
of complications initiated by bleeding. La Due*® reported the ex- 
perience of the Minneapolis General Hospital, noting that 8 of 82 pa- 
tients with bleeding ulcer died, a mortality of 9.8 per cent. Bergh, 
Hay and Trach® have summarized the experience of the Minnesota 
University Hospital, observing that 10 per cent of 70 patients treated 
conservatively for massive hemoi'rhage from ulcer died. In 2,565 col- 
lected eases of massive hemorrhage from ulcer treated conservatively, 
they found the mortality to be 10.2 per cent. 


INDICATIONS FOR OPERATION 


It is to lie remembered that it was a long time after MeBurney®® 
first emphasized the necessity for early operation in acute appendi- 
c itis th at surgeons began to have the opportunity of removing the 
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appendix before it Avas niptuvcd. Tlie fallacy of the Avidely-held be- 
lief that patients Avith ulcer die rarely of hemorrhage has just been < 
exposed, hinstercr's dietnm of operation if bleeding continues after 
forty-eight hours of consei'AmtiAm treatment is not likely to be put into 
immediate effect in a large number of medical and surgical clinics in 
this country. Both internists and surgeons are aAvare of the magnitude 
of the operatiA’e procedure nece.ssary to arrest bleeding. At the same 
time, they knoAV that in a certain number of instances bleeding Avill 
cease spontaneously. Further, both internists and surgeons AA'ish ob- 
jecthm proof that those Avho attempt the surgical arrest of hemor- 
rhage from bleeding ulcer are able to carry such procedures through 
AAdth a reasonable mortality. 

A clearer definition of the indications for operatiAm intei'Amntion is 
urgently needed. Meulengracht,“* Avho puts much emphasis on the 
Amlue of frequent feedings to diminish the hazards of bleeding, ad- 
mits haA'ing alloAved nine patients to die of hemorrhage Avithout sub- 
mitting anj'' to the surgeon. Following the example of Andresen^ 
(1927) a number of American internists haAm fed ulcer patients Avith 
bleeding ulcer frequently (La Due’®), but Avithout the same degree of 
success reported by Meulengracht. Patients suffering from rnassiAm 
hemorrhage are often too ill to eat and attempts at feeding AAuth a 
duodenal Bibe succeed frequently in ascertaining that gastric stasis 
is present. I21 such ijistances, during the trial period, Avhen it is be- 
ing determined Avhether operation should be done, it is the custom in 
this clinic to apply suction to an indAA'elling tube. By this means, 
hydrochloric acid, the agent Avhich actiAmtes the bleeding, may be 
remoAmd aboiit as effectually as it is neutralized by the ingestion of 
food Avith the additional adAmntage that the nausea of gastz’ic stasis 
is obAuated. Gordon-Tayloi-,’®- wdio has had a large experience Adth 
the operatiAm management of massiA'e hemorrhage from ulcer, states 
that bleeding continuing after seA'enty-t\A'o hours of conserAmthm treat- 
ment carries a risk of 78 per cent. 

SIGNIFICANCE OF SHOCK 


When an ulcer bleeds, blood may be lost sloAvly and gradually or 
'ckly depending on the size of the Amssel that is eroded. In the 
? i L ni: Wppdino- duodenal ulcer reported hereAAuth that AAmre sub- 
• ted to operatiim intervention, an opening in the gastroduodenal 

finding in those instances in Avhich repeated 
. , 1 levels occurred. In other Avords, the eraterous ulcer 

bleeding ° duodenal Avail had eroded through the duodenal ivall 
on the pos o,ito the gastroduodenal artery, ivliich over- 

iplete y. rvnsition. ivas the msiial finding i 
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plete y. position, ivas the msiial finding at operation 

lays the paiicieas < gj.oded by the hydrochloric acid of the gastric 
The artery, m 
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with ensuant hemorrhage 
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The significance of the occurrence of shock in bleeding ulcer cannot 
be emphasized too strongly. In all patients in whom it is difficult to 
sustain a satisfactory blood pressure, despite transfusion, it is ap- 
parent that blood is being constantly lost through a fairly large open- 
ing. Such patients iti my opinion should be subjected early to opera- 
tion. By choice, I would transfuse such patients and prepare for im- 
mediate operation. It is only fair to say, however, that, whereas such 
is my thought upon the matter, as a matter of fact, the patient re- 
ported here who was submitted earliest to operation after the onset 
of hemorrhage had bled for ninety-six hours (Case 1). In the other six 
patients of the series the time interval between onset of bleeding and 
operative intervention was tiventy-four, twenty- three, eleven, twenty, 
eight, and seventeen days, respectively. 

It is obvious that In all clinics where such operations are undertaken, 
internist and surgeon together must go through a proving period, 
during which time both become better acquainted with the limitations 
and advantages of conservative and operative management. 

It must not be forgotten in patients transfused repeatedly for 
bleeding and in whom a second, third, or fourth episode of bleeding 
occurs that mere replacement of blood loss fails to afford the surgeon 
a patient well fortified to withstand the exigencies of a formidable 
operative procedure. Hemorrhage and depression of arterial pres- 
sure initiate a set of physiologic upsets that the administration of fiuid 
and blood does not repair at once. This lag, exhibited by therapeutic 
procedures in catching up with the disturbed mechanisms which they 
are intended to relieve, must be appreciated more fully both by in- 
ternist and surgeon. A patient M’ho has bled to a critical level of blood 
pressure but once, granted immediate and full restoration of blood 
loss, is undoubtedly in a better position to withstand operation than 
the patient who has bled to shock levels repeatedly. 

In the patient whose ulcer bleeds slowly but without the blood pres- 
sure falling to shock levels, the necessity for operation is not so urgent. 
Yet, the importance of not delajdng too long is to be heeded here, too. 
It is significant that Pinsterer” is able to report a mortality of 5 per 
cent in those patients submitted to operation within forty-eight hours 
of the onset of hemorrhage. In the group operated upon after the 
elapse of longer intervals the mortality was 30 per cent. 


AGE 

In the literature one gathers the impression that it is only the pa- 
tient over oO years of age who is likely to bleed. In the group of 
patients with massive hemorrhage reported here, there was one 24 
years of age (Table I, Case 2) and one 3G years of age (Ca.se 4). a’lie 
oldest patient in the group was 80 years old. Fatal bleeding from a 
d>mdenal ulcer m the newborn has been reported. It is obviou.s, there- 
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fore, that young patients with flexible artei'ies may bleed briskly or 
die of hemorrhage and that youth alone does not iconstitute assurance 
that bleeding will stop without opei'ation. In other conditions in 
which openings in arteries exist, one does not hear that only the pa- 
tient with an arteriosclerotic vessel runs a big irisk of dying of ex- 
sanguination. 

OPERATION . 1 

Two of the patients in the present group were subjected to pre- 
liminaiy gastroenterostomj^ because of pyloric obstruction associated 
with the bleeding. In one instance (Case 1) a direct attack upon the 
bleeding point became necessary five weeks later; in the other case 
(Case 2) dhdsion of the dtiodenum and gastric resection was under- 
taken seven days later because of recurrence of bleeding which 
threatened life. The futility of gastroenterostomy to relieve massive 
bleeding from ulcer should be regarded as established. 

In the patients reported here, a direct attack has been made on 
the bleeding point. Steep Trendelenburg position with transfusions 
of large quantities of blood prior to and during operative procedure 
have been employed regularly. Cyclopropane has been the anesthetic 
agent, administered usually through an intratraclieal tube. The op- 
erative approach has been made through a long right rectus incision. 

OPERATIVE FINDINGS 

In a bleeding duodenal ulcer it is surprising how minimal the ob- 
vious operative findings are on opening the pei-itoneal cavity. The 
presence of blood in the intestine and colon is readily apparent. The 
anterior duodenal Avail and the stomach may appear normal, In none 
of the cases reported here Avas it definitely established prior to opera- 
tion by x-ray examination that the patient had a duodenal ulcer, 
though in a fcAV of the patients such a diagnosis had been established 
at an earlier date. As a matter of fact, not uncommonly it is only by 
efforts directed at separating the medial Avail of the duodenum from 
the pancreas that the presence of a hemorrhagic lesion is established 
definitely. When the duodenum is opened, by uncovering the perfora- 
tion the gastroduodenal artery with a slit or a hole in its Avail from 
Avhich blood escapes in jets is visualized at the base of the ulcer crater. 

Statistically, a number of studies (Allen," SnelP'^) have determined 
bleeding duodenal ulcer is the most likely cause of massive hem- 
tlia a therefore, the medial Aimll of the duodenum is applied 

orrhage^^ adjacent pancreas, the possibility of a small craterous 
closely 0 . dixodenal Avail being responsible for the hemor- 

ulcer on ■ P ulcer may not even be felt and, of course, ean- 

rhage is ime duodenum remains in contact Avith the pan- 

not be seen as which has come repeatedly noAV to my atten- 

creas. fhis ° number of patients Avho have melena of unlo- 

tion, suggests that a n 
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Flp. 1. — Dissection for closure and inversion of duodenum In the Billroth II U’pe of 
operation. This is the method 1 employ when the duodenal wall Is intact. This method, 
obviously. Is not applicable for duodenal closure when the posterior duodenal wall is 

IHTforatod. 


The attachment between pancreas and medial (po.sterior) wall of the duodenum is 
separated as indicated in i. The detachment is adequate to permit satisfactory inver- 
sion ns Indicated in 2. In 3 Is shown application of the petz clamp. Divi.sion with the 
cautery Is shown in y. Tm Indicate.^ the manner of invcrtln?: the duodenal ends and Cth 
the closure obtained with a single row of interrupted sutures of fine silk placed after 
tlu* Halsted mattress pattern. In Ca is shown the manner of rcnttnchlnc- the pancreatic 
capsule to Uu- unterlor duodenal wall. The manner of placement of sutures at the ends 
shown in **(', closed space on the posterior ast>ect of tlio duodenal wall. 
cloJuro ot It.c .lumll-nmil " sutlstuclory me.ms of securiOR 


safe 
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calized origin may have such an ulcer, which may haA^e escaped de- 
tection even by x-ray examination. Such instances have come to my 
notice. An occult posterior wall duodenal ulcer should be considered 
in eases of gastrointestinal hemorrhage Avhere the cause remains ob- 
scure. 

If the posterior duodenal Avail is not a23plied closely to the pancreas 
and if its Avail may be separated from the pancreas Avith a dissector, 
it is apparent that it is not the source of bleeding. Whereas indura- 
tion of the anterior duodenal Avail has been present as a concomitant 
finding in a fcAV of these cases, I have not obserAmd brisk bleeding 
from an ulcer on the anterior duodenal Avail. If examination of the 
posterior duodenal Avail shoAvs it to be remoAmd from immediate con- 
tact Avith the pancreas, search should be extended to the stomach, to 
the stoma if an antecedent gastroenterostomj'' has been made, and to 
a Meckel’s diAmrticulum. I haA'e observed sharp hemorrhage from a 
gastrojejunal ulcer (Case 7) Avhen no ulcer could be palpated at the 
stoma fi’om without. In instances in which the stomach cannot be 
dismissed as a source of bleeding, Avhen other likely origins of the hem- 
orrhage can be excluded reasonably (posterior dAiodenal Avail ulcer 
and Meckel’s diverticulum), an incision transverse to its axis should 
be made in the body of the stomach. AVith emplojnnent of appropriate 
deep-bladed retractors, after sponging, the bleeding point Avill be lo- 
cated if it has its origin Avithin the stomach. 


ARREST OP HEMORRHAGE IN DUODENAL ULCER 


HaAdng determined by dissection that perforation of the posterior 
Avail of the duodenum onto the pancreas has occurred, the opening in 
the duodenal wall is extended around the entire circumference of the 
boAvel. This maneuver affords quick exposure of the bleeding point 
and the objective of the operative procedure; namely, adequate arrest 
of hemorrhage may be attained within a feiv minutes .'after the ab- 
domen is opened. Thereafter, the difficult closure of the duodenal 
stump and the establishment of a gastrointestinal anastomosis after 
gastric resection may be undertaken leisurely. 


CLOSURE OF THE DUODENAL STUMP 


Closure of the blind end of the duodenal stump in the ordinary 
gastric resection is accomplished easily and is illustrated in Fig. 1. 
After separating the pancreas adequately from the bowel Avail, the 
duodenum is sectioned between Petz clips with the cautery. A single 
f Halsted mattress sutures of fine silk affords usually a satis- 
° .g When, howcAmr, the posterior duodenal Avail has 

factory ° ’closure of the duodenum is a most difficult 

perforate , sa ‘ patients operated upon in this series, a 

procedvrre. n in the ampulla of the choledochus Avhile the 

metal probe was placea m 
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bowel wall was being siitui’ed up. One of tbe deaths in the group 
(Case 4) was a technical failure, owing to insecure closure of the duo- 
denal stump, with resultant leakage. In this instance the perforation 
constituted a veritable large granuloma in the medial duodenal wall 
posteriorly. 

When the bleeding vessel has been ligated securely, the posterior 
duodenal wall is separated adequately from the pancreas to permit 
closure of the open duodenum as indicated in Fig. 2, This necessitates 
usually complete excision of the ulcer. In the main it is not possible 
to mobilize the duodenal wall to secure the type of duodenal wall 
closure illustrated in Fig. 1. On the contrary, one must be satisfied 
with burying the closed duodenum in the anterior wall of the pancreas. 
Attending perforation of the duodenal wall, thickening of the pan- 
creatic capsule occurs, making it practicable to employ it as an ad- 
ditional safeguard to secure effectual closure of the duodenum. This 
is the only feature of the operation that requires special comment. The 
technical aspects of the problem are depicted well in the drawing made 
for me by Mr. Herbert Hunter. In the absence of hemorrhage Pin- 
sterer® and others who practice extensive gastric resection with antral 
exclusion for the treatment of duodenal ulcer are content to regard 
the ulcer in the duodenum, presenting the technical difficulties de- 
scribed here, as irremovable. Finsterer admits freely that the diffi- 
culties involved in securing an effectual closure of the duodenum after 
excision of the ulcer, pyramids the moi'tality, as contrasted with leav- 
ing the ulcer. However, in the presence of active massive hemorrhage 
there is no choice. In my experience the most satisfactory manner of 
arresting the bleeding is to open the duodenum as described above, 
ligating the bleeding vessel or excising the ulcer by placement of 
sutures. Nissen^^ and Gohi-bandt’" have described closure of the 
duodenum after excision of “irremovable duodenal ulcer” by tech- 
niques very similar to those I have employed. 

The operation is completed by excising the antiami and a good 
portion of the acid-secreting area of the stomach to minimize further 
trouiile from the acid ulcer diathesis. The objective of well-directed 
surgery in the management of nicer should be to secure a stomach 
which empties rapidly and which is achlorhydric to maximal stimula- 
tion (histamine). This anastomosis I e.stablish by the closed or aseptic 
method, the details of which ha\'e been described previously (Pig. 3). 
Unless a gastroenterostomy has been made previously, delimiting the 
proximal extent of the resection, an attempt should be made to ex- 
ci.se a generous .segment of the eorporic and fnndic zones to insure 
eflcctual reduction of ga.stric acidity. After the hemorrhage has been 
.sali.sfactorily controlled, such adequate excision of gastric tissue adds 
Init lutle to the ri.sk, Imt has important .significance for flic ultimate 








Fip. 3. — Aseptic gastric resection, method of establishing gastrointestinal continuity. 
The aseptie or closed method was employed in all the cases listed herein (Table I).^ In 
ti\e first six cases excision of the pylorus and antrum only was done (complete termino- 
latoral anastomosis [Polya]) without enteroanastomosis. In Case 7 the excision was 
of the extent sliown here and an incomplete (inferior) terminolateral (Hofmeister) 
anastomosis with enteroanastomosis was made, the type of excision and anastomosis 
carried out a.s an elective procedure for complicated ulcer when the Billroth II method 
is employed. Achlorhydria even to maximal stimulation with histamine follows this 
extent of excision of gastric tissue usually : achlorhydria attends antral excision rarely. 

In 1 Is shown the site of amputation of the stomach and the clips deposited by the 
Potz suturing apparatus. 2n indicate.s the manner of inversion of the dog ear at the 
upper end, Tlve dotted line at the lower end of the stomach in 21> indicates tlie site at 
which tlio anastomosis will be established. This small .‘segment of stomach is removed 
with tile cautery after satisfactory hcmo.stasis lia.s been attained by a running suture 
of catg\it over the Petr, clips where the stomach is inverted above. The Inversion Is 
obtained wlUi a .single row of fine .silk .sutures placed after the Halsted mattress 
pattern (2r). 

, 1^ is indicated the manner in wlilch Uie anastomosis (6 cm. in length) is estab- 

ilsijoil by the closed or aseptic method. It Ls to be noted that the portion of the jejunum 
engaged In the clamp is not cut off until the posterior row of sutures has been placed, 
in 4 the completed anastomosis is shown. The details of this lochnloiie have been 
ip'srrlbed previously. 



284 


SURGERY 


CASE NO. 
NASrE 

IIOSPITAIj NO. 
AGE 


1. Mr. C. M. 
No. 623900 
49 yr. 


2. Mr. L. K. 
No. 069044 
24 yr. 


.3. Mr. L. W. 
No. 643745 
52 yr. 


4. Mr. G. C. 
No. 611604 
36 yr. 


5. Mr. .1. K. 

No. 069010 
80 yr. 


6. Mr. G. A. 
No. 661081 
58 yr. 


7. Mrs. E. E. 
No. 693430 
57 yr. 


Table 

Operations fob Massive Hemor 


OPERATIVE DIAGNOSIS 


DURATION 

OP 

BLEEDING 


PREVIOUS OPER- 
ATIVE 
PROCEDURE 


OPERATION* — 
date, PRO- 
CEDURE, SIZE 
OF RESECTION 


DURATION 

OF 

OPERATION 


Perforated posterior 96 hr. 
w.tH duodenal ulcer 
with erosion of gas- 
troduodenal artery 

Perforated posterior 24 days 
wall duodenal ulcer 
with erosion of gas- 
troduodenal artery 


Perforated posterior 23 days 

wall duodenal ulcer 
with erosion of gas- 
troduodenal artery 

Perforated po.sterior 11 days 

wall duodenal ulcer 
with erosion of gas- 
troduodenal artery 

Perforated posterior 20 days None 

wall duodenal ulcer 
with erosion of gas- 
troduodenal artery 


11/14/38 gastro- 12/17/38 gastric 1 hr. 50 min. 
enterostomy resection 

for bleeding 

2/14/39 gastro- 2/21/39 gastric 1 hr. 55 min. 
enterostomy resection 

for bleeding 

5/15/39 Schmil- 2 Iir. 40 min. 
inskj' operation 

9/3/39 gastric 2 hr. 35 min. 
resection 


Perforated posterior 
wall duodenal ulcer 
with e r 0 .s i 0 n of 
branches of gastro- 
duodenal artery 


8 days None 


9/1 7/39 gastric 2 hr, 50 niin. 
resection 


9/17/39 gastric 2 hr. 45 rain, 
resection 


9/18/39 gastric 2 hr. 55 rain, 
resection 


Duodenal ulcer with 17 days 20 yr. ago gas- 4/13/40 gastric 3 hr. 30 rain, 
obstruction, with troenteros- resection 

bleeding gastroje- tomy 

junal ulcer 


•Alt gastric resections in the group are antral resections (pylorus and antrum) 
except Case 7, in which 75 per cent of the total square area was excised. Entero- 
anastomosis was done in Case 7 only. Save for the patient in Case 3, who has oc- 
casionaiiy been achiorhydric, only one of the survivors (Case 7) has been persistently 
achlorhydric to stimulation with histamine. 

tAll the survivors have reported for examination on several occasions since this was 
written. All are subjectively and objectively well. 


In my experience the removal of 200 sq. em. of gastric tissue 
measure(3 on the peritoneal surface) with a Polya type of anastomosis 
nsures quite uniformly effectual reduction of gastric acidity. Scott 
■ound the average total square area of the gastric mucosa in six 
idult stomachs to be 525 sq. cm. Scott’s measurements, however, took 
nto account the rugation of the mucous folds. It is apparent, there- 
P ibot more than 200 sq. cm. of gastric mueosa is sacrificed actn- 
“y to ih. excision of gostric tissue described ebovo. On the bnsis of 

. o-nqtric resections done for other varieties of ulcer, 
a larger numhei oi eCbmi'- 
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iiAGE From Duodenal Ulcer* 


IMMEDIATE 

RESULTS 

ULTIMATE 
RESULTS t 

AMOUNT OF BLOOD 
TRANSFUSED 

LABORATORY 

blood 
PRESSURE 
(LOWEST 
JUST BEFORE 

operation) 

PULSE 
(HIGHEST 
JUST BE- 
FORE OP- 
ERATION) 

Recovered 

2/26/40 well 

1,100 c.c. before opera- 
tion; 1,700 c.c. dur- 
ing operation; 300 
c.c. after operation 

Hb. 38 

E.B.C. 2,500,000 

76/58 

shock 

110 

Recovered 

Recovered 

9/16/39 died 
from perfo- 
rated jejunal 
ulcer 

3,500 c.c, before first; 
4,750 c.c. before sec- 
ond, 500 c.c. after 
second, 1,500 c.c. aft- 
er third operation 

Hb. 32 

E.B.O. 2,170,000 

0/0 

shock 

Not 

palpable 

Recovered 

4/22/40 well 

2,200 c.c. 

Hb. 42 

R.B.C. 2,480,000 

82/54 

shock 

112 

9/19/39 died, 
peritonitis 


4,000 c.c. 

Hb. 47 

R.B.C. 3,500,000 

68/32 

shock 

122 

Died S iir. aft- 
er opera- 
tion 


500 c.c. 

Hb. 55 

E.B.C. 2,850,000 

74/50 

shook 

120 

irregular 

Recovered 

4/23/40 well 

1,000 c.c. before opera- 
tion; 500 c.c. during 
operation; 500 c.c. 
right after opera- 
tion; 1,500 c.c. after 
operation 

Hb. 39 

E.B.C. 2,400,000 

120/82 
No shock 

108 

Recovered ■: 

4/25/40 dig- 9,000 c.c., including 

charged, well 2,000 c.c. before and 

after operation 
(7,000 c.c. at Miller 
Hospital, St. Paul) 

Hb. 30 

64/32 

shock 

136 


I estimate that it is necessary to sacrifice two-thirds to four-fifths 
(66 to 80 tier cent) of the total gastric area (in an unobstructed 
stomach of average size) to remove 200 sq. cm. measured as indicated 
above. Such resection, when accompanied by a gastro jejunal anas- 
tomosis, affords a stomacli wliieh is achlorhydric usually even to 
maximal stimulation. Similar extensive gastric resection, unaccom- 
jianicd by gastrojejunostomy, fails to make the stomach achlorhy- 
drie.=*’ 

It is becoming recognized more generally that gastrointestinal sur- 
gery is a highly specialized variety of o]mvativc procedure. The two 
Mayos. to whom these pages arc dedicated, established an enviable 
record in the management of gastric lesions. Balfour’s accomplish- 
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ment with difficult gastric operations attests the importance of con- 
centrating' this type of surgery in the hands of a few persons in every 
sm-gical clinic. 


nrPORTANCE OP ADEQUATE ARREST OF HEJroRRHAGE 

In Allen and Benedict’s first group of fatal cases from massive 
hemorrhage, there were 28 patients. Twenty died under conservative 
management; 8 died after surgery; of these 8 cases, all hut 1 died of 
hemorrhage. Ligature of the gastroduodenal and the right gastro- 
epiploic arteries does not suffice to control hemorrhage. Bleeding maj'^ 
still oecur through the open vessel in the base of the ulcei', via the in- 
ferior pancreaticoduodenal artery, a branch of the superior mesenteric. 

In the preseiit group there were 2 deaths. Neither died of hemor- 
rhage. One (Case 4), aged 36 years, died two days after operation 
because of inadequate closiu-e of the duodenal stump. The other, a 
man 80 years of age (Case 5), died eight hours after operation. His 
condition on the completion of the opei-ation was better than at the 
beginning. I declined to operate because of the patient’s age and 
poor condition twenty-four hours earlier and intervened in time to 
accept the lethal issue as a surgical death. Granted that the bleed- 
ing is arrested effectually, these patients, in the main, stand prolonged 
operation well (see Table I for time and length of operation). In all 
the patients listed here, operation was undertaken as an emergency 
operation for the control of hemorrhage. In most instances the op- 
eration could reasonably have been described as an ante-mortem op- 
eration. 

My experience in the control of massive hemorrhage is outlined in 
Table I, There were 2 deatlis among 7 cases, a mortality of 28.5 per 
cent.’* The records of tlie hospital indicate that in 8 other instances, 
dating back to 1921 when the first case was done, operation has been 
undertaken for the control of active hemorrhage of ulcer origin. 
Three of the 8 died, a mortality in this latter group of 37.5 per cent. 
These operations, however, were largely indirect procedures. 


SUHJtAKY 


Massive hemorrhage is a not uncommon cause of death in duodenal 
ulcer Approximately 10 per cent of patients treated conservatively 
for massive hemorrhage of ulcer origin die. The lives of a number 
f such patients may be salvaged by timely surgical intervention. The 
° of 5 of 7 patients subjected to ante-mortem operation for the 

eoutrol^of hemorrhage suggests, in the main, that such patients stand 


— c written tlirce additional patients exhibiting massive hemor- 

•Since this h.ave been operated upon after the plan outlined in Fig. 3. 

rinfm from Have been observed in the out-natient clinic, and all arc 

three recovered 'Ifimuiation. (Mr. W. W., U.H. No. 6-17102, aged 67 years : 

^Lorhvdric to Wstamine stimman ^ ^ ^ 

P S. U.H. Hy, 69=3.6. therefore. Is JO per cent, 

yeari) '^>’e mortalit> m tm 
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operation tolerably well if the bleeding is adequately controlled. A 
means of uncovering the bleeding point, dealing with the open imssel, 
and a manner of securing satisfactory closure of the duodenum are 
described. 

It is pointed out that fall of blood pressure to a shock level, neces- 
sitating transfusion of large quantities of blood to maintain the blood 
pressure at 100 mm. Hg, suggests that the patient has an open vessel. 
In massive hemorrhage from duodenal ulcer the gastroduodenal artery 
is eroded, owing to perforation of the posterior duodenal wall. The 
ulcer itself is often occult, presenting usually even at operation during 
active hemorrhage no tangible signs until the perforation is uncovered. 
Patients with duodenal ulcer who bleed slowly to low levels of hemo- 
globin (20 to 40) without manifesting significant falls in blood pres- 
sure do not exhibit complete perforation of the duodenal wall nor do 
they have a hole in a large vessel, but present usually erosion of small 
vessels within the bowel wall. 

The most difficult question to decide is ■when operation should be 
undertaken. No one can say in which patients bleeding will cease 
automatically. The longer the bleeding period before operation, the 
more serious is the risk. The patient with massive hemorrhage who 
bleeds to shock level, in whom it is difficult to maintain a satisfactory 
blood pressure, should be submitted to immediate operation, as soon 
as blood loss is replaced adequately. In other patients Finsterer’s 
dictum of waiting forty-eight hours to determine whether bleeding 
will cease spontaneously is sound advice. However, until the hazards 
of massive hemorrhage become known more generally, it is not likely 
that patients with threatening hemorrhage will come to operation 
early. 
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THE USE OP THE MILLER-ABBOTT TUBE IN THE SURGERY 
OP THE LARGE BOWEL 

Allen 0. Whipple, M.D., New York, N, Y. 

(From ihe Department of Surgery, Cohmhia University, and the Presbyterian 

Hospital ) 

D uring the past decade one of the most remarkable advances in 
surgical therapy has occurred in the treatment of the ever-dreaded 
lesion of acute ileus. In 1918 the mortality in this condition, in three 
of the leading university clinics of this eountr.y, was 66 per cent. Pol- 
lowing the better understanding of fluid and electrolyte imbalance,^ so 
striking in cases of high intestinal obstruction, and the application of 
this knowledge in restoring this balance before operation, the mortality 
showed an amazing decrease. In the Presbyterian Hospital in New 
York City the mortality dropped from the figure of 66 per cent in the 
1919 to 1924 period to 29.6 per cent in the 1932 to 1937 period.^ This 
improvement was due chiefly to restoration of fluid and salt balance, 
but a considerable credit was also due to the use of continuous duodenal 
suction, before and after operation, by the method popularized by 
Wangensteen’s^ classic work. 

Following extensive experimental studies in inte.stinal intubation by 
JliUer and Abbott'* and their associates, Abliott applied the technique 
to the management of clinical cases of intestinal obstruction. The first 
sixteen eases so treated were reported by Abbott and Johnston^ in 1938. 
Abbott,'* in Philadelphia, and Johnston' and his co-workers, in Detroit, 
have continued the work in a large number of cases with amazing suc- 
cess. 

Following Abbott’s first report, we became eonvinced of the possi- 
bilities of this method in treating acute i’cus and in 1938 we assigned 
two of our residents to this study. After observing tlie technique by 
Abbott, in Philadelphia, Leigh and Nelson of our .surgical staff and 
Swenson of our roentgenological staff studied every case of acute ileus, 
mechanical and paralytic, in the Prc.sbyterian Hospital. In 1939 we 
a.ssigned one of our head nur.scs, hliss Stines, to the care of these patients 
as regards the detailed management and care of the tubes, and .she has 
worked with the residents in this important field. 

Gur results in eases of acute ileus, using the iMillcr- Abbott intuba- 
tion, have been so dramatic that we hesitated to report them; but, fol- 
lowing almost equally striking rc.sults by Johnston and liis associates 
in Deti-oit, Leigh, Nelson and Swenson" reported our results in Februarv 
of this year. The summary of this report is taken from their paper and 
is given in Table I. In addition to intubation lhe.se patients all had 
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analyses of their blood structure and fluid and salt balance restoration, 
which accounts for some of the remarkable improvement in the mortality 
of acute ileus. 

It is important to emphasize the fact that this method of intestinal in- 
tubation carries with it tremendous possibilities for good as well as 
danger to the patient, depending upon the thorough understanding 
of these possibilities and the intelligent and diligent application of the 
technique of the method. The reason that so many hospitals have failed 
to appreciate the value of the Miller-Abbott tube in dealing with cases 
of ileus is that no one person has learned the application and technique 
of the method and acquired the experience necessary to its success. The 
reader is referred to the paper by Leigh, Nelson, and Swenson^ for a 
detailed discussion of the proper use of the tube in intubating the 
intestine. 

Table I 


iSuMitARV OF Gases of SJtALL Intestinal Obstruction Treated With Miller- 
Abbott Tube and SURCEKy 


TYPE OF OBSTRUCTION 

iVO. OF 
CASES 

OPERATIONS 
FOR ILEUS 

DIED 

SrOKTALITY 

Notiiaflaniinatory obstructions 

50*' 

27 

1 

2.0% 

Paralytic typo 

12 

J 

0 

0 

Mechanical type 


20 

1 

2.7% 

Obstructions with peritonitis 

21 

30 

7 

33.3% 

Tube passed into small 

H 

2 

1 

7.1% 

bowel 

Tube failed to,pass into 

7 

5t 

c 

85.7% 

small bowel 

Obstructions with gangrene 

5 

Of 

2 

40.0% 

of bowel 

Total cases with obstruction 

Tfi 

43 

10 

13.2% 

Total cases with tube passing 

08 

35 

4 

5.9% 

into small bowel 


*One case discontinued. Patient hysterical. 
tTwo cases required two operations for ileus. 


As these studies in acute ileus progressed, Ave appreciated the possi- 
bilities of using the Miller-Abbott tube as a preoperative measure to 
prevent distention and vomiting after intestinal resection. In peritonitis 
eases we had learned of the possibilities of feeding patients Avearing the 
tube and the possibilities of restoring protein and vitamin loss in de- 
pleted patients. We believe the most important single factor in the suc- 
cess of intestinal anastomosis is to aAmid distention of the anastomosed 
semnent. Distention fai'ors tension on the suture line and dimini.shcs 
the blood supply in the gut Avail, resulting in devitalization of the tissues 
'neluded in ^'he sutures, separation of agglutinated edges, leakage of 
a and intestinal contents, Avith peritonitis or at liest a fistula Avith local- 
P® ‘ -ijg Pop small intestinal anastomosis and for one-stage 

^^•'^it^-ded ^colectomy with ileocolosfomy the adi'antagcs of a collap.sod 
right-si ‘ operation Avere olivious, and our results 

normal hoA\e postoperative use of the tube clearly corroborated 
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this premise. When we tried the tube in eases of left-sided colectomy 
and abdominoperineal resections of the pelvic colon and rectum, we 
found tliat the results were not so striking. In fact cecostomy as a 
preliminary measure in these cases where mechanical obstruction was 
complete or nearly so is still clearly indicated, because the tube does not 
pass the ileocecal valve in a distended cecum, and the additional pre- 
and postoperative use of the tube helps only in preventing postopera- 
tive ileus and distention of the small intestine, a very great boon in many 
of these cases, as regards their freedom from distention, vomiting, and 
tension on the abdominal wound. 


Table III 


Causes of Death (112 Consecutive Kesections of Large Bowel — 1938-1940)* 



niGHT 

COLON 

LEFT 

COLON 

ABP.-PER. 

RESECTIONS 



ONE 

STAGE 

one 

STAGE 

obstruc- 

tive 

RESEC- 

TIONS 

ONE 

STAGE 

TWO 

STAGE 

TOTALS 

Directly related to oper- 
ative procedure 
Peritonitis 

1 


1 

0 

2 

5 

Intestinal obstruction 

0 


0 

2 

0 

3 

Hemorrhage from 

0 


0 

1 

0 

1 

perineal wound 

Indirectly related to op- 
erative procedure 
Pneumonia 

0 

■ 

2 

0 

1 

0 

3 

Hemophilia — hemor- 

0 

0 

1 


0 

1 

rhage 

Lung abscess 

0 

0 

1 


0 

1 

Cerebral hemorrhage 

0 

0 

0 


0 

1 

Totals 

1 

3 

5 

4 1 

2 

15 


•Peritonitis was always complicated by intestinal obstruction. Early peritonitis 
only in cases with abscess at operation. Late peritonitis followed wound infections or 
leakage of anastomosis. 


We are reporting 112 consecutive unselected cases operated upon 
by our surgical staff during the years 1938-1940. Tables II and III 
o-ive the results in the surgery of several parts of tlie colon (including 
rectum) with the one- and two-stage resections and the obstructive 
resections (Eankin operation), with and without the pre- and postopera- 
tive use of the Miller- Abbott tube and the total cases. Tlie figures speak 
for themselves. We, at least, are convinced from the observation of our 
tients that the pre- and postoperative use of the tube in the surgery 
^f the colon is not only a lifesaving measure, but one that adds greatly 
to the comfort and smooth convalescence of the patients undergoing 

this hazardous t3T>e of surgery. r , • 

w ist ao-ain emphasize the absolute neces.sity of having some one 
'' f rnpmbcrs of the surgical staff learn the teclmiciue and man- 
ineinber or j intubation if it is to be used to treat or prevent 

agement ot nuesuiiu 
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intestinal obstruction or distention, and again urge the careful reading 
of the previous communication from this clinic by Leigh, Nelson, and 
Swenson.* 
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REGIONAL LYMPHATIC METASTASIS OP CARCINOMA OP 

THE RECTUM^' 


Predekick A. Coller, M.D., Earle B. Kay, M.D., and 
Robert S. JIacIntyre, M.D., Ann Arbor, Mich. 

(Fwin the VepciTtwetiis of Fttrgery and Fothologyy University of Michigan) 


A knowledge of the lyiiiphatie spread of carcinoma Horn pri- 
** mary lesions of the reetuni is essential in the treatment of that 
disease. The normal lymphatic drainage of the rectum and rectosig- 
moid colon is well known, but it is often impossible to decide before 
operation whether metastasis has occurred or not. Consequently, we 
have no method of determining with certainty the operability and 
prognosis of any gi^mn carcinoma of the rectum. 

The aim of the surgical treatment of carcinoma of the rectum is cure. 
The surgical procedure directed toward the removal of the primary 
tumor alone is of little value, other than perhaps temporary palliation. 
To effect a cure, both the primary neoplasm and its metastases must be 
excised. This is impossible in eases of hematogenous metastasis, but 
the regional lymph node metastasis frequently is amenable to operative 
removal. 

This study, similar to one made by Gilchrist and David, ^ is based on 
the dissection and examination of all the lymph nodes from 53 car- 
cinomas of the rectum. Of these, 48 were removed by combined ab- 
dominal-perineal resection, one bj”- perineal resection, and four were 
autopsy specimens. The lymph nodes were dissected from each speci- 
men after they had been visualized (Fig. 1) by clearing by the Spalte- 
holtz method as modified by Gilchrist and David. All nodes were 


examined individuallj^ and the results charted on previously prepared 
outline drawings upon which each node was indicated. These findings 
were then correlated with (1) the age of the patient, (2) duration of 
sjnnptoms, (3) gross type of lesion, (4) location above the mucocutaneous 
junction, (5) site of origin of the neoplasm, (6) size, (7) amount of 
circumference of the bowel wall involved, (8) depth of infiltration, (9) 
microscopic type, (10) degree of cellular differentiation, and (11) the 
presence of associated precaneerous lesions, such as polypi and ulcera- 


ional lymph nodes may thus be isolated which, because of their 
llLss go unnoticed by the usual method of di.sseetion. Specimens 
I™! 1 en examined in which there Averc no nodes palpable but which, 
have DC include lymph nodes as small as 1 to 2 

upon ee. or containing nests of metastatic carcinoma (Fig. 2). 

mm- m dmm ’ i,ctAvcen the size of the lymph nodes and the 
No correlation exisico 

■ ■■ - 1^.,. jjjg James nnil Eltzabctb Ingli.s Fund tor Riirncry Tic- 

•This study ■"■.AS nit® 


search. 
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presence in them of inetastases. Many large nodes were inflammatory 
and many small impalpable nodes contained neoplasm. 

For comparison we studied a similar group of eases treated in 1934 
and 1935. These specimens were examined by gross manual dissection 
and an average of only 3.5 lymph nodes per specimen were found. The 
largest number of nodes found by this method in any one specimen 
was 12, and 25 out of 46 cases (54 per cent) were reported as being 
free from metastases. In the present study as man 3 ^ as 194 lymph nodes 
have been isolated from a single operative specimen, and an average of 67 
per specimen was found. With this more accurate method of study, 
the number of cases showing no involvement of the lymph nodes has 
decreased to 35.8 per cent. In other words, 64.2 per cent of the eases 
examined had metastases in the regional lymph nodes. This finding 
is similar to that of Gilchrist and David who found 68 per cent of the 
specimens to have metastases in the lymph nodes. 

Regional IjTOph node metastasis is only one factor in determining 
the operability and prognosis in. carcinoma of the rectum. Inopera- 
bility or poor prognosis maj^ result from extensive local infiltration, 
hematogenous metastases, or peritoneal implants. In the most favor- 
able of our cases, those in Avhieh radical operation was performed, 15 
per cent showed microscopic evidence of infiltration into blood vessels. 
The hematogenous spread of carcinoma is an unpredictable factor. 
In one of our cases symptoms of occasional rectal bleeding had been 
present for only one month. The neoplasm, measuring only 2 cm. in 
diameter, had infiltrated just to the muscle layer and was a moderately 
well-differentiated adenocarcinoma mucosum of Grade II malignancy. 
Judged by clinical criteria, this patient had a good prognosis, but 
microscopic examination showed invasion of both lymph and blood ves- 
sels. The degree of malignancj' was not a determining factor in the 
occurrence of hematogenous metastases, for, of the specimens in which 
metastasis was found microscopically, six lesions were Grade II, one 
was Grade IV, and one a spindle-cell sarcoma. Two of these had in- 
vasion of the blood vessels but no lymphogenous metastases. 

According to the classic description of the lymphatic spread of 
carcinoma of the rectum by Miles®’ ® and the anatomic description of 
the Ijonphatic system of the rectum and anus by Delamere, Poirier, and 
Cuneo ® three collecting systems are present, the superior, lateral, and 
hiferior routes of lymphatic drainage corresponding to the superior, 
™ddle and inferior hemorrhoidal veins and classified by Miles as the 
mural lymphatics into vdiich the intramural and intermediary 
ex rai ‘ jntranuxral lymphatics consist of two freely corn- 

systems cr located within the wall: one, the submucosal, 

munica mg intermuscular network. These intercommunicate by 

’channels lying between the circular muscle fibers. The 
radial lymi lesser extent continuous, above, with the 

submucosal ne "O '■ subcutaneous Ijmipli channels of the 

pelvic colon, and belou, 
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perianal skin. The tendency of carcinoma to spread through the sub- 
mucosal network (Fig. 3A) does not appear to be as common as to 
spread by the radial channels into the deeper intermuscular network 
(Fig. 32J). The intermuscular network lying between the circular and 
longitudinal muscle coats communicates with similar channels of the 
pelvic colon above, and below with those of the external sphincter 
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Tile third lympiiatic system, and the one wliieh is most important 
surgically, is the extramural. The efferent channels from the lymph 
sinuses and subserous lymph channels form an extensive plexus which 
drains into the anorectal glands of Gerota ivhieh are scattered over 
the lateral and posterior aspects of the rectum and lie in the hollow 
of the sacrum. The efferents of these drain into the lymph channels 
accompanying the superior hemorrhoidal vein (the superior zone of 
spread) (Fig. 3 C), into the middle hemorrhoidal vein (the lateral zone 
of spread), or if the lesion is low enough, into the lymph channels ac- 
companying the inferior hemorrhoidal vein (tlie inferior zone of spread). 
Cancer cells thus ma3’' metastasize in anj’^ one of the three zones of spread, 
upward, laterallj^ or downward. There are many cases showing evidence 
of inetastases in more than one zone of spread, tliis being especially true 
of carcinoma of the anal canal. Spread b3'^ the inferior zone may occur 
along the subcutaneous perianal lymph channels in the perineum to 
the inguinal l3nnph nodes or through the ischiorectal fossa, Alcock’s 
canal, and into the internal iliac lymph nodes. In untreated cases and 
in those which have recurrences, it is not ixncommon to find carcinoma- 
tous nodules in the perineum, rectovaginal septum, and ischiorectal 
fossa. Consequentl3^ operative removal should include wide excision 
of the perianal skin, ischiorectal adipose tissue, and levator ani muscles. 



The lateral efferent l3miphatics drain into a number of channels ae- 
rliP middle hemorrhoidal vessels and lie between the pelvic 
company . fascia, and levator ani muscles. These also 

peritone internal iliac veins, 

eventua y ‘ beautifully demonstrated by an autopsy case 

This route . j dissection of the entire contents of the lower 

na 4 ,. 
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The upAvard zone of spread is along the lymph channels and nodes 
in the retrorectal and retrocolic position accompanying the superior 
hemorrhoidal Amssels along the base of the sigmoid mesocolon and con- 
tinuing with the inferior mesenteric rmssels. ^ 

Lymphatic A'essels differ from the blood Amssels in that, instead of 
one or tAA'O channels draining the same area, the lymph is returned 
by several channels Avhich tend to form a plexus about the blood A'es- 
sels. There may also be a number of efferent A-essels to any one node, 
thus explaining the obserAmtion that contiguous lymph nodes are not 
necessarily inAmlved and that the nodes at Amrious IcAmls may be im- 
plicated. Lymph nodes act as barriers to filter out neoplastic emboli. 
A neoplastic embolus enters a lymph node by its peri- and subeapsular 
lymph channels (Fig. 2). If the metastasis remains viable, it sets up a 
ueAv neoplastic focus, tending to block the lymph channel, Avhieh then 



becomes dilated and distended AA'ith lymphocytes. Lympli floAv Im- 
eomes static and other neoplastic foci may be establi.shcd along the 
lymph channels. It is therefore common to find multiple small neo- 
pln.stie nodules in the perirectal adipo.sc tissue. The direction of 
l.vinphatic metastascs depends on the direction of the lympli flou', and, 
if it becomes oh.structed by ncopla.stic emboli, the lymph Avill tlien find 
iinob.stnietcd channels. Xot until there have been extensive metastascs 
along the superior zone of spread do all or a majority of the lymph elian- 
nels become sufficiently obstructed to cause a retrograde floAv of lymph, 
in onr cases, even in tlmse Avith extensive mctastasc.s, avc had no evidence 
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of retrograde metastases to nodes situated a significant distance below 
the primaiy site, in contradistinction to the four cases reported by 
Gilchrist and David. In seventy-four cases stiidied by Westhus'* there 
was evidence in only one instance of retrograde metastasis. This un- 
doubtedly does occur, but it must be exceedingly rare. 

From a surgical viewpoint, the extramural Ijnnphatics are of more im- 
portance than the intramural. An understanding of the intramural 
IjTnph channels, however, is important in order to realize how super- 
ficial malignancies involving only the submucosa and mi;scular laj-ers 
may metastasize. 

AGE AND LYaiPH NODE SIETASl’ASIS 

The average age was 53.3 years in those with metastases and 53.5 
years in those without. In analyzing the cases by decades (Table I) 
there was no significant variation foiind. Grouping the eases into 
those beloAv and those above 50 years of age, it was foiind that 70 per 
cent in the younger age grouj) had metastases in comparison to 60.6 
per cent in the older. The only carcinoma of histologic Grade TV was 
in the 20- to' 30-year age group. 


Table I 


Correlation op Decade op Life and j\Ietastases 


decade 1 

number 

OP CASES 

1 AVITHOUT metastases 

1 AVITH JIETASTASES 

NUMBER 

OP CASES 

PERCENTAGE 

NUMBER 

OF CASES 

PERCENTAGE 


2 

0 

0 

2 



6 

3 

50 

3 



12 

3 

25 

9 


Totals 1 




14 



14 

7 


7 


fin-70 

17 

5 

29.4 

12 



2 

1 


1 

50 

Totals 1 

33 


1 20 1 

60.0 


In a correlation of age and degree of malignancy in carcinoma of 
the colon by Eankin and Broders,’ it Avas reported that carcinoma in 
younger age groups tended to be of a higher grade of malignancy 
than In the group as a Avhole, and because of this there Avas a greater 
tendency to metastasize. This is undoubtedly true, but there are other 
factors present in younger indiAiduals Avhich also influence the tend- 
of neoplasms to metastasize. Fascial planes and connective tissue 
^^^^hnoAvn to' act as a barrier to the advancing malignanej^ Lymph 
blood vessels in elderly people are thickened by deposition of con- 
nective tissue in their walls, thus presenting more of a barrier to 

infiltration. 

duration of syjiptoais and metastases 

-• tcfl betAveen duration of symptoms and the occiir- 
No relation exis ^ average duration of sjmiptoms 

rence of metastases. 
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of 8.42 montlis in the cases in which metastases had occurred, and 9.44 
months in the group in which metastases had not occurred. This illus- 
trates the point that the case with the shortest history is not always 
the most favorable for treatment. There were three patients in the 
series with symptoms of rectal carcinoma for one month or less who 
yet had lymph node metastases. There were other patients without 
any symptoms avIio, upon routine physical examination, were found to 
have rectal carcinomas that were later discovered to have metastasized. 
There were four patients with symptoms of 1 year’s duration, one of 
1.5 years, and another of 2 years, whose specimens showed no evidence 
of regional lymph node involvement. One of these patients was given 
up as hopeless 1.5 years prior to admission to this hospital. Duiation 
of sjTnptoms alone should not influence the treatment advised. 

GROSS TYPES OF RECTAL CARCINOMAS 

Carcinoma of the rectum was classified by its gross characteristics 
into three groups. The first group included the large, fungating, 
polypoid neoplasms, the majority of which arose in poljT?i. "With these 
were included those carcinomas which were originally polypoid, hut 
whose centers had undergone necrosis and ulceration so- that they had 
become ulcerated with a polypoid, rolled, everted border. It was felt 
that central ulceration had occurred, either because of outgrowing 
their blood supply or because of ischemia as the result of neoplastic 
occlusion of the blood vessels. Most of them had marked infection 
and inflammatory changes within their substance. The second group 
included the sessile or plaquelike neoplasms which infiltrate the bowel 
u-all. In the third group the lesion was excavated to form a deep 
nicer. A correlation of these gross tjpcs with lymphogenous metas- 
tascs (Table II) confirmed the opinion of others® that lesions tending 
to grow out into the lumen are less malignant than those infiltrating 
deeply into the wall. 


Table II 

ConriF.r.ATiOK’ OF Gross Types axd Lymph Node Metastase.s 


GUnss TYPES 

XUMBEU 
or CASES 

WITH 

1 METASTASES 

1 WITHOUT 

METASTASES 

1 percentage 
[ OF metastases 

KxojivaliTiff 



2 ■ 

33 

Polypoid 



13 1 

53.5 

Se.«silo 



4 1 

1 80.9 


Of the 3 excavating lesions, only 1 (33 per cent) had mctasta.sizcd ; 
of flic 2R poly])oid neoplasms, la (53.5 per cent) had metastasized; 
whereas, in the 21 sessile neoplasms, 17 (80,9 per cent) had metasta- 
sized, sJiowiiig that this latter tMic of malignancy has a very much 
higher j)rol)ahilify of metastasizing. An excellent example of the 
lower grade of malignancy of poljpoid carcinomas is illustrated by 
one of our patients who had a huge fungating polypoid neoplasm 
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measuring 11.5 by 7.5 cm. in diameter, beginning at the mueoentaneous 
junction, completely encircling the lumen, and extending upivaz'd as 
far as the finger could reach. This appeared to be fixed to the prostate 
anteriorly and was thought to be inoperable. This patient was a poor 
surgical risk because of his age, obesity, and hypertension. Because 
of intestinal obstruction, a sigmoid colostomy was done. No evidence 
of hepatic or peritoneal metastases was found. Two weeks later he 
died of pulmonary embolism. The entire lower abdominal and pelvic 
contents were dissected retroperitoneally and cleared, and 257 lymph 
nodes were isolated from the three zones of spread, including those 
along the abdommal aorta, the internal and external iliac vessels, and 
inguinal regions. No metastases Avei’e found. This case illustrates 
three points: (1) that huge lesions in themselves do not contraindicate 
resection, or at least laparotomy to determine operability; (2) that 
polypoid neoplasms tend less to metastasize; azid (3) that fixation of 
the growth to the prostate may be inflammatory rather than neoplastic. 
Nevertheless, over 50 per cent of the polypoid neoplasms had metas- 
tasized and there is no means of determining which of these lesions 
have or have not done so. The one observation that is valuable is that 
sessile, plaquelike neoplasms have a high percentage of metastases. 


METASTASIS AND LETOL OF LESION 

The lesions were classified according to their distance above the 
mucocutaneous junction in order to correlate location with the occur- 
rence of lymphatic metastases. The neoplasms were divided into four 
groups: (1) those arising within the anal canal up to and including 

2.5 cm. above the mucocutaneous junction; (2) those within the 
ampulla of the rectum, which we arbitrarily placed between 2.5 to 

9.5 cm. above the mucocutaneous junction; (3) those of the reeto- 
sio-moid, which, according to anatomists, vary from 10 to 15 cm. above 
the mucocutaneous junction ; and (4) those carcinomas arising from the 
sigmoid colon above 15 cm, from the junction. 

There were 18 adenocarcinomas and 1 spindle-cell sarcoma arising 
within the anal canal and low rectum. Of these, 8 had not metasta- 
sized and 11, including the spindle-eell sarcoma (57.9 per cent), had. 
Of those 11 neoplasms which had metastasized, 6 had spread along the 
uperior zone in lymphatics accompanying the superior hemorrhoidal 
® ssels as well as along the lateral zone of spread accompanying the 
^ Wdle hemorrhoidal vessels (Pig. 5zl). In the remaining 5 case.s, 
Hstases were found along the superior zone of spread only (Fig. 

Of the 11 cases that had metastasized, 3 had three or less lymph 
. 1 , fi. in 2 of these the involved nodes were loeated at the 

nodes nivo le , 3 cases in which four or more nodes 

primary si e. positive nodes were located close enough to the 

were involvec , . in a perineal resection as far as the superior 

primary site to ne 
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zone of spread alone is concerned. Thus, 13 of the 19 cases (68.4 per 
cent) of the lesions in the anal canal and low rectum were amenable 
to perineal resection in respect to the superior zone of spread. 

It is interesting to note, however, that seven specimens, or 36.8 per 
cent of the total of 19 cases in this region, showed evidence of lymph 
node involvement up to the margin of excision of the levatoi' ani mus- 
cles along the lateral zone of spread (Fig. 5A). This emphasizes the 
importance of wide excision of the tissues of the lateral zone of spread 
as well as the superior zone of spread in operating on low-lying rectal 
carcinomas and those of the anal canal. 


A. 



Fip. 5 . — As Line drawinff illustrating a far-advanced adenocarcinoma niucosurri* 
Lrade III, of the anal canal*. 33 lymph nodes Isolated, 15 of which, lying along the 
snpcnor and lateral zones of spread, arc largely replaced by carcinoma. Line 
urawing illustrating an adenocarcinoma of the anal canal ; 50 lymph nodes isolated, 
j or wlijch, lying at a considerable distance from the primarv site, are largely replaced 
by carcinoma. 



Six eases (31.,5 per cent) of the total 19 showed lymph node involve- 
ment along the superior zone of spread which would have been beyond 
the i-eaeh of a perineal resection (Fig. 52?). Of these 6 cases showing 
metastnsos in lymph nodes at a considerable distance above the pri- 
mary neoplasm, 2 showed nodes to be involved up to the site of ligation 
of the superior hemorrhoidal ve.ssel.s, so that in all probability there 
ma.v be residual carcinoma, even following a combined abdominal- 
perineal resection. The specimen shown in Fig. 52? had no metastasos 
lo the immediate regional lymph nodes, hut did have metastasos in 
lym])h nodes at a considerable distance above the lesion. 

In summarizing this group, theoretically GS.4 per cent of the patients 
emihl have been completely cured l)y perineal rc.section if the lymphatic 
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spread of carcinoma were the only factor involved, bnt 31.5 per cent 
of the anal and low rectal lesions would not have been cured by perineal 
lesection. However, 10.5 pev cent (2 cases) probably were not cured 
because of high involvement of the lymphatics, by combined abdominal- 
perineal resection with high ligation of the superior hemorrlioidal ves- 
sels. Thus, 21.1 per cent more cases would be cured by the more exten- 
sive operation. 



g Line draw'ing illustrating an advanced papilUferous adenocarcinoma. Grade 

TI of the rectal ampulla ; 50 lymph nodes isolated, 1 of which, lying 5 cm. from tlic 
primary site, is completely replaced by carcinoma. 


There were 21 cases of carcinoma of the rectal ampnlla, 8 without 
metastases and 13, or 61.9 per cent, with metastases. In every instance 
the lymphatic spread of carcinoma of the rectal ampulla was along the 
superior zone. Some of the lesions which were partly within the rectal 
ampulla hut whose inferior edges were less than 2.5 cm. abo\-c the 
mueocutaneoits junction have already been considered with the low- 
1 • (T lesions. In no le.siou of which the inferior border was .3 cm. or 
^ ° above the mucocutaneous junction did wo find metastases along 
fh^lateral zone of spread. Of the 13 cases with metasta.ses in the 
h lodes in 2 the involved nodes were confined to the region of 
lymp ^ ^ ^ 7 iiore had positive nodes at least 5 cm. al)ove the 

the pnmaij ^ gs in 2 the nieta.sfa.scs were 30 cm. or more 

primary site ' .^^.jUiout involvement of the intervening nodc.s. 

away from the neopms- 
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In another ease (Fig. 7A) nodes were invaded near the primary site 
and none involved until a point 10 cm. higher at the site of ligation 
of superioi’ hemorrhoidal vessels. In other eases, such as Fig. iB, nodes 
were involved in a continuous chain from the primary neoplasm to 
within a short distance of the site of ligation. Only one of the car- 
cinomas in the rectal ampulla with metastases would have been suitable 
for a perineal resection. As seen in the diagrams of cleared specimens, 
the majority of cases present differences in direction of lymphatic 
spread between the lesions of the ampulla and of the rectosigmoid and 
sigmoid colon. The lymph node metastases of carcinoma of the ampulla 
lie along the lymph channels which accompany the vessels so that they 



Fip. 7 . — A, Line drawing illustrating an adenocarcinoma. Grade II, of the rectal 
ampulla; 123 lymph nodes Isolated, 7 of which, near the primary site, and 1 at the 
‘Cvol of ligation of the superior hemorrhoidal artery, show metastatic carcinoma. 

drawing Illustrating an adenocarcinoma mucosum. Grade II, of the rectal 
ampulla; 46 lymph nodes isolated, 19 of which, about the primarj’ site and in a con- 
tinuous chain nearly to the level of ligation of the superior hemorrhoidal arter>’, are 
largely replaced by metastatic carcinoma. 

run upward almost parallel with the course of the rectum. Conse- 
quently, the lesions of the ampulla must be more widely excised than 
those of the rectosigmoid colon where the lymph channels tend to run 
perpendicular to the boAvel. Lesions of the rectosigmoid and sigmoid 
should have a greater depth of me.sentery excised. It will he noted 
also that there were fewer involved lymph nodes for each case in car- 
cinoma of the ampulla than in lesions of the anal canal and low rectum. 

There were six cases of carcinoma of the rectosigmoid. Five of these 
(8.1..1 per cent) had metastasized, only one node being involved in two 
instances ; two in the third (Fig. 8A). the involved nodes being adjacent 
to the ]wimnry site; and in the other two ca.se.s, lymph nodes were in- 
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volveci 5 and ,10 cm. above the primai’y site. There was evidence of 
retrograd§ meta^tases in one of these eases in that one positive node 
was loeatedT.5 cm. below the lesion. Considering only regional lymph 
node mvolvement, four cases (66.6 per cent) would have been just as 
suitable foiMvide resection with preservation of the lo^v I'ectinn as for 
eombined.nbdoininahperineal resection. 

.There were 6 cases of carcinoma above the rectosigmoid junction in 
the group. All of the involved nodes in the 4 cases Avhich had metas- 
tasized to lymph nodes were located near the primary site (Fig. 8B), 
making them also suitable for reconstructive operation as far as lym- 
phogenous metastasis is concerned. 




SITE OF ORIGIN UPON CinCUJIFERENCE OF BOWEL WALL AND JIETASTASES 

There have been varying opinions cxprc.ssed as to the site of oilgin 
tlie cireumference of the bowel wall and the likelihood of metas- 
Any correlation of this sort is difficult because rarely, unless 
tViTksion'is very small, is it confined to one wall alone. Usually the 
• • 'olves several walls and often is annular. If the lesion was of 

lesion 1 1 involve two walls, i.c.. anterior and lateral walls, we 

such a size < extemsive lc.sion it was placed with that part 

classified 1 ‘ ^ center. In the correlation, the anterolateral and 

corresponc mg classified in cither the anterior oi' posterior 

posterolateral lesions nt 
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group and to the lateral wall group. Eight cases of annular neoplasm 
in which the site of origin was impossible to determine were excluded. 
The anterolateral and posterolateral lesions rvere considered as being 
either upon the posterior or anterior wall. It appeared that the ante- 
rior wall neoplasms Avere slightly more likely to metastasize. This 
observation is- even more striking rvhen these same neoplasms, i.e., 
those on the antero- and posterolateral Avails, Avere in the lateral group. 
In this particular instance 85.4 per cent of those on the anterior or 
antimesenterie'- Avail had metastasized to the regional lymph nodes. 

SIZE OF NEOPLASMS AND METASTASES 

There Avas found no relation betAveen the size of the lesion and the 
presence of metastases. The average size of all lesions Avas 5.8 by 4.5 cm. 
There Avere 8 cases Avithout metastases and 18 cases Avith metastases in 
lesions of less than average size. In the group of neoplasms larger than 
average size, there Avere also 8 eases Avithont metastases and 18 cases 
Avith metastases. The 10 smallest carcinomas and the 10 largest car- 
cinomas Avere compared, and in each group there Avere 6 cases Avith and 
4 cases Avithout metastases. The tAVo largest carcinomas, Aidiose areas 
Avere 85 and 79.25 sq. cm., respectively, had no metastases. The next 
largest size Avas 49 sq. cm. and this also had not metastasized to the 
lymph nodes. The largest size to have metastasized Avas 42.5 sq. cm. 
and this case had only tAvo posithm lymph nodes in 51. 

r.XTENT OF nOAA^EL CIRCUMFERENCE INVOLA’ED AND METASTASE.S 

IVhereas there Avas no relationship betAveen the size of the carcinoma 
and the lymph node metastases, it seems true that there is a slight 
increase in likelihood of metastases as more of the boAvel circumference 
IS involved by the malignancy. The neoplasms Avere divided into four 
groups, depending upon the percentage of the boAvel circumference 
involved (Table III). There Avas a slightly increasing tendency for 
the neoplasm to metastasize as it spread around the boAvel Avail. It 
appears that the extent of the circumference iuA’olved is of more im- 
portance in determining the likelihood of metastases than the longi- 
tudinal extent of the lesion. 
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DEGREE OF CELLULAR DIFFERENTIATION (GRADING) AND METASTASES 


Most of the carcinomas of the rectum were graded II and III as to 
cellular differentiation. There was only one Grade IV neoplasm, a 
carcinoma developing in a bowel the site of a chronic ulcerative colitis 
in a girl 24 years old. The entire rectum and rectosigmoid, except 
for the anal canal, were found to be infiltrated diffusely by a poorly 
differentiated adenocarcinoma that had spread through the entire wall 
and showed carcinomatous cell nests in both the lymph and blood 
channels. Seventy of 100 lymph nodes isolated were largely replaced 
by metastatic carcinoma. The patient died three months later, at 
which time she showed further carcinomatous proliferation in the 
transverse and ascending colon. The only carcinoma graded I, not 
listed in the table, was found in a polyp which accompanied a large 
carcinoma. Table IV substantiates the dictum that the more ana- 
plastic the lesion, the more likely the presence of lymph node metas- 
tases. However, the surgeon should not base his surgical procedure 
solely upon histologic grading of biopsy specimens. It is a common 
experience to find that, after having examined the specimen as a whole, 
the opinion based on the biopsy must be altered. It is impossible to 
grade the carcinoma as a whole by examining only one small portion 
of it. Degree of malignancy, size of lesion, and operability are not 
synonymous terms and should not be used interchangeably. Often the 
more malignant neoplasms arc the smaller and in turn are the more 
favorable operative cases from the technical aspect. These lesions are 
highly malignant and give rise to early metastases. An illustration 
that grading of the biopsy specimen does not represent the tumor as a 
whole is shown in a case in which the biopsy specimen was taken at the 
infiltrating border and graded IV. Because the lesion was assumed to 
be very highly malignant, fixed to the prostate, and because the pa- 
tient was a poor operative risk, a palliative colostomy only was done. 
The patient died and the autopsy specimen showed a moderately 
well-differentiated adenocarcinoma, graded III, with no evidence of 


metastases. 


Table IV 


Correlation ok Grade or Mauonancy and Metastasis 




WITHOUT 

JitETASTASES 

WITH 

METASTASES 

PERCENTAOE WITH 
METASTASES 

I 

II 

III 

IV 

0 1 

3S 

18 

1 1 

0 

14 

5 

0 

0 

19 

13 

1 

0 

57.5 

72.2 

100 


into 


c 1 • 1 Dukes and Bussey’ classified carcinomas of the rectum 
Gabrie , ^ Group A included cases where the carcinoma 

Groups A, ^ ),„t not into the perirectal t}.ssues; Group 

infiltrated we carcinoma extended into the perirectal tissue; 

B, those in which tne ca 
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and Group C, those having positive lymph node metastases. They found 
that 91 per cent of Group A cases and 64 per cent of Group B cases 
were alive for five years or more following operative removal ; whereas, 
in Group C, those having glandular metastases, only 18 per cent sur- 
vived five years. This classification in its last analysis really compares 
the prognosis of cases with metastases and those without. It was diffi- 
cult for us to fit our cases into this classification. We had 30 cases in 
which the malignancy was confined to the rectal wall. Of these, 13 
(43.3 per cent) had metastasized to the regional Ij'^mph nodes; whereas 
we had 22 cases which had infiltrated into the perirectal tissues, of 
which 20 (90.9 per cent) had given rise to metastases. This compar- 
ison, we believe, is of more value. 

The histologic types of carcinoma and the percentages of metastases 
are shown in Table V. The most common type was adenocarcinoma ; 
the next most common was papilliferous adenocarcinoma, several of 
which were papilliferous cystadenoeai’cinoma. The likelihood of me- 
tastases of these types is approximately the same, in that 61.2 per cent 
of the first and 61.5 per cent of the second gave rise to lymph node 
involvement. There were four eases of adenocarcinoma mucosum, all 
of which had metastasized and in which the extent of metastases was 
also great. Adenocarcinoma mucosum is generally considered to be 
the most malignant type, this observation being borne out by this small 
series. There were three cornifying squamous-cell carcinomas of the 
anal canal and mucocutaneous junction; another, which was partly 
adenocarcinoma and partly cornifying squamous-cell carcinoma ; and 
one spindle-cell sarcoma. 


Table Y 


COUKELATION OF MICROSCOPICAL TYPES AND METASTASES 


MICROSCOPICAL 

types 

NUMBER 

OP CASES 

WITHOUT 

METASTASES 

■WITH 

METASTASES 

PERCENTAGE 

■WITH 

METASTASES 

Adenocarcinoma 

31 

12 

19 

G1.2 

Papilliferous 

1 13 

1 5 

8 

01.5 

adenocarcinoma 





Adenocarcinoma 

4 


4 

100 

inucoaum 





Cornifying squamous- 

3 

1 

o 

GG.G 

coll carcinoma 





Adenocarcinoma and 
squamous cell 

1 

1 

0 

0 

Rpindlc-ccll sarcoma 

1 


1 

100 


Finally, Iho point that has been brought out by numerous other ob- 
scrver.s, but wliich can be ro-cmpbasizcd, is the close relationship be- 
tween earcinoma of the rectum and rectal polyps. In the 53 cases 
studied, there was microscopic evidence of the malignancy nri.sing upon 
pre-existing polyps in 28.3 per cent of the cases (Ifj'of 53 cases). 
Twenty-two other eases (41.5 per cent) also had a.ssoeiatcd polyps, 
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varying from one to six poIjiJS per specimen. Examination of one such 
polyp 3 mm. in diameter showed earlj’- carcinomatous proliferation. 
Two additional cases were associated with pcljiiosis of the colon. 
There is microscopic evidence to show the progression from simple hyper- 
plasia of the rectal mucosa through the formation of small adenomas 
or polyps, to the development of frank carcinoma. Both the sessile 
and larger pedunculated polyps may show mai’ked atypical hyper- 
plastic proliferation of the mucous membrane but no infilti'ative groudh. 
It is not necessary for the polyp to be either large or pedunculated, 
for very small, innocuous-appearing, sessile polyps may be the basis of 
malignant change. 

SUMJIARY 


A study Avas made of metastasis from carcinoma of the rectum and 
rectosigmoid to the regional lymph nodes in 53 specimens, and an aver- 
age of 68 nodes per operative specimen Avere isolated and examined 
microscopically. They Avere charted and the results correlated Avitli 
Aunrious physical attributes of the associated primary lesion. 

Lymph nodes Avere foiAud at the site of metastases in 64 per cent of 
the carcinomas of the rectum and 15 per cent shoAved invasion of the 
blood Amssels. 

Age of the patient had no importaiit influence on the presence of 
metastases in lymph nodes as 70 per cent of the patients beloAv 50 years 
of age had them, Avhile of those OA'er 50 years, metastases Avere present 
in 60 per cent. 

A comparison of the incidence of metastases in carcinoma of the rec- 
tum classified according to their gross characteristics as sessile, exca- 


vating, and polypoid shoAved S0.9 per cent of the sessile tj'pe to haA'e 
produced metastases; in 33 per cent of the excavating and only 53.5 
per cent of the polypoid neoplasms had this occurred. 

The only lesions having involvement of lymph nodes along the lateral 
zone of spread Avere those arising bctAveen tlie juucocutaneous junction 
and a point 3 cm. aboAm it. 

In no instance Avas found retrograde metastasis to a significant level 
beloAV the primary lesion. No relation was found to exist betAveen the 
size of the tumor and the presence of metastases in lymph nodes. 

No correlation was found betAveen the size of the lymph nodes and 


. presence in them of metastases. 

[f the lesion had infiltrated through the Avail of the rectum, lymph 
des Avere involved in 90.9 per cent in comparison to those lesions 
t Avere still coiAfincd to the AA-all in Avhich 43.3 per cent had meta.s- 

;es in lATuph nodes. _ _ 

, ■ be determined, 28 per cent of the neoplastic lesions 

eloped in polyps and another 41.5 per cent of the specimens had 
nign polyps present. 
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Neoplasms arising on the anterior Avail had the larger percentage of 
lymph node metastases. 

Involvement of lymph nodes and operability are not dependent on 
duration of symptoms. 

Surgical procedure should not be based solely on the histologic grad- 
ing of biopsy specimens. 

The prognosis in any case can be made more accurately by an ex- 
amination of all of the Ijnnph nodes. 

In spread of carcinoma along any zone of diffusion the nodes are not 
necessarily iiiAmhmd in continuity but may be iuAmlved at some dis- 
tance Avith normal nodes intervening betAveen the primary site and the 
metastases. 
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INTERNAL SUPRAVESICAL HERNIAS 
Wesley N. AVarvi, M.D., and Thomas G. Orr, M.D., Kansas City, Kan. 

(From the Vnxversity of Kansas Rospitals) 

' I ^HIS REVIEW and discussion of internal supravesical hernias, in- 
* eluding a report of an additional case, show that this condition is 
much less rare than previously believed, tliat a preoperative diagnosis 
of the condition is difficult but possible, and that the prognosis in each 
case depends upon early proper treatment. 

Authors have disagreed on tlie anatomic terminology in describing 
the site of the lesion as well as on the nomenclature of the hernias orig- 
inating in the supravesical fossa. Our conclusions have been reached 
after a review of all available literature on this subject. 


ANATOMY 

The supravesical fossa is a triangular area bounded laterally and 
above by the latei’al umbilical folds which cover tlm oblitei'ated um- 
bilical arteries, and below by the peritoneal reflection that passes from 
the anterior abdominal wall to the fundus of the bladder. Tlie median 
umbilical fold, iormed hy the remnant of the xiraclms, divides the supra- 
vesical fossa into right and left halves. Pick’ and others believe this 
area should extend posteriorly along each side of the bladder to tJie 
point where the lateral umbilical folds blend into the pei'itoneum of 
the true pelvis and thus include the retrovesical fossa in the male and 
the vesicouterine fossa in the female. A^cry few authors agree with this 
extension of the limits of the fossa because it would make the bonndaries 
too obscure and too inclusive. 

Supravesical fossa is the name most widel.v accepted since its intro- 
duction by AA’'aldeyer" in 1874. Other names used to designate tliis 
region are: vesicoinguinal fossa by A’'elpean,® fossa vesicomedialis by 
Brentano,* fossa interligamentosa by Draudt,” internal inguinal fossa 
bv Kadlickj”,'’ fovea medialis bv Cestmir,’ paravesical fossa by Pick, 
and the fovea inguinalis intima by Joe-sscl.® 


NOMENCLATURE OF HF.RNIAS 

The chaotic multiplicity of terms used in the past in referring to 
• t rnal supravesical hernias can be illustrated by enumerating twenly- 
' of them in the order in which they have appeared in publication.s. 
” first described a ease as an internal inguinal hernia in wiiich he 
f ” ed to Cooper V” work published in 1804 (Fig. 1). Other names 
reterre inguinalis media antcvesicalis hy Parise," proper- 

used were. jntc.stinal incarceration by IIarfung,'=' iiernia 

itoncal oner ' hvpoga.strica by Linhart,” anterior retro- 

retroperitoneahs parictaiis . . 
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peritoneal hernia bj" Klebs,” properitoneal hernia by Kronlein,’® vesi- 
copubic hernia by Havage,“ hernia diverticula parietoinguinalis, a later 
name used by Kronlein to differentiate it from herniae en hissac, oblique 
internal or suprapubic inguinal hernia by Lupo/’’ prevesical hernia by 
- Kaufmann,^® anterior retroperitoneal hernia by Wilms, supravesical 
y - hernia by Waldejmr, prevesical epiplocele in a case of ]\Iakins^° which 
contained omentum, properitoneal supravesical hernia by Maydl,^* 
hernia inguinalis obliqua interna by Joessel, prevesical properi- 
toneal hernia by Kadlicky, retroperitoneal bladder hernia of the 
supravesical fossa by Steimker,^^ oldique internal hernia by Luttel- 

7 • l-KATK .t. 



Tirofrnmr of lutmxnl m rf 
oponlnK^ uvo of which 
r*‘f' t* nc** t«> j'upruvcsU'ui h 
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mann,^^ and paravesical hernia by Pick. In addition there were four 
terms noted by Blum^^ ■which had been used by various authors when 
an internal supravesical hernia protruded into the bladder apex which 
were ; intravesical hernia of the supravesical fossa, invaginatio vesicae, 
inversio vesicae nrinariae incompleta, and cystanestrophe. This varied 
nomenclature may explain wh}"^ there have been but six aiTtlientic cases 
of supravesical hernias collected in the past. 

The logical name is one indicating the place of origin of the liernia 
with added terms to indicate the direction taken bj’" the herniation, tlie 
place of lodgement of the hernial sac, and possibly the character of the 
hernial contents. With this in mind we believe the term supravesical 
is the most suitable for hernias originating in the supravesical fossa. 
These hernias can be further classified into external, internal, and per- 
haps interstitial types. The external t3'pes appear in the hj'pogastriuni 
or in the inguinal, femoral, and obturator regions. The internal supra- 
vesical hernias can be prevesical, inteavesical, paravesical, or lateral 
dependent upon lodgement in the space at Eetzins, in the bladder, be- 
side the bladder, or in the more lateral pelvis respectivelj". Definite 
examples of interstitial types have not been recorded. 

Other classifications and terms are not acceptable because they arc 
misleading and indefinite. The classification of Walker^® included only 
three possible types which he recognized as arising from the supra- 
vesical fossa. They were prevesical for the internal type, hypogastric 
for those appearing directl.y antcriorlj'- and externally, and a third 
group described as passing through the femoral canal and often mis- 
taken for tine femoral hernias. The tern prevesical, when used alone 
to designate internal supravesical hernias in the space of Retzius, is 
misleading because hernias originating in the inguinal regions may 
extend mediallj’’ to the prevesical space as exemplified by the case re- 
ports of Makin, Parise, and Oberst.’® Also the use of the term para- 
vesical alone, as applied to supravesical hernias by Pick, has the same 
objection, since hernias arising in the inguinal region may extend 
medially as they descend into the pelvis and may lodge in the para- 
vesical space adjacent to the liladder. Kaufmann reported a case of 

this kind. 

etiology and pathooexesis 

According to Finsterer,=' the primary etiologic factor underlying the 
tion of supravesical hernias is an abnormality in tlie regression 
f T'tal structures causing a congenital predisposition to hernias be- 
' f the depth of the supravesical fossa. Rokilansky=® also empha- 
cause 0 flayed by raised fibrous bands, due to delayed regression 

sizes the p< / and urachus, so that they .stand out from the 

'ty 'liar's rdsms poritoncl fol* „,„1 

anterioi a between them. These fossae further develop into 

forming deep ]oss of prevesical fat, fibrotic retraction 

deep diverticula due to 
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following subperitoneal inflammations, peristaltic action of lodged loops 
of intestines, the dilating ivedge effect of omentum or lipomas of the 
bladder, and finally because of sex differences in pelvic anatomy and 
physiologj’’ so that males are more often affected. The bladder filling 
in males causes an anterosuperior enlargement that traps intestines in 
supravesical diverticula when present, while in the female the disten- 
tion of the bladder occurs laterally and forces supravesical diverticular 
contents upward and outward. 

General etiologic factors in common %Yith the formation of hernias 
elsewhere are; congenital weakness of connective tissue with concomi- 
tant hernias at other sites, fatty infiltration of connective tissue during 
obesity so that weight loss results in patliologic enlargement of natural 
openings, and persistent organic or repeated functional increases in 
intra-ahdominal pressure which cause peritoneal outponchings at the 
weakest points. 

After a supravesical diverticulum has developed it can herniate in 
any one of five possible directions, depending upon the path of least 
resistance (Fig. 2). Those of the superomedial part, making up the 
greatest number of cases, protrude externally in the hypogastrinm. 
Tliose of the superolateral part evaginate toward the inguinal, femoral, 
or obturator regions. The inferomedial protrusions become lodged in 
the prevesical space of Ketzius or when the bladder apex is weakened by 
defective closure of the urachus, as in cases reported by Forster^® and 
Markc},®® tliey lieniiate directly into the bladder. The fifth possi- 
bility is the extension of tlie herniation eandally as far as the prostatic 
bed lateral to the bladder in the male, or to the base of the broad liga- 
ment in the female. The last three groups arising from the inferior 
portion of the fossa never appear externally because they are below 
the rigid wall of the anterior pelvis. 

Spontaneous reduction of internal snpi'avesieal hernias can occur, 
as evidenced by finding empty hernial saos after symptoms of visceral 
lodgement. Korte’" reports 1 case and Robinson®^ 2 eases in living 
sul)jects; wliile Reich, Pick, Tandler and Halban,®^ and Marconi"® re- 
port a total of 8 cases of empty hernial pockets found post mortem. 
Goopcr’.s ea.sc was probably also of thi.s type. 

Ilmiia.s originating in the .supravesical fossa arc move numerous than 
tlic reviews of the jinsl indicate. A mnlliplicity of names applied to 
Ihcsc Iicrniii.s ivporled in various languages has apparently been a 
source of difficuHy in attempted revicw.s. That these hernias have been 
overloohe.l is attested by t)ip ah.sence of a definition of the term in 
modern medieal dictionaries as well as hr the ah.senec of anv reference 
to them in such pnhlieafion.s as Watsony" rarrera,"^ and numeroii.s 
earlier \v<»rhs. 


Su]>rave,sieal hernias appearing exfernniiy arc most numerou.s RcielF® 
reviewed ‘2fi eases in IDOf) and .several imhHcalions have appeared on 
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Ihe subject since that time. We will not discuss the external types lor 
they do not present important diagnostic or therapeutic prolilems. 

Internal siipravesical hernias are rare and difficult to diagnose. 
Thirty -seven cases have been recorded in the literature completely 
enough to tabulate essential facts and group them as authentic eases 
(Table I). Three authors, Szabo,^® Ornatauyan,'*® and Kramarenko,''' 
have been referred to by others as having reported true cases of in- 
ternal supravesical hernias, but we have been unable to secure their 
publications for confiianation. Cases have been omitted from the tab- 



jrir.iin; 111 0 ,H K. m n.av ..n?, ; ' .V"'.''''’ In whir), 
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Illation of true cases of supravesical hernias because of inadequacy of 
reports ivhich have left the sites of origin and of the hernias in doubt. 
These are recorded by Cloquet,^® Goyrand/® Velpeau, Monari,^^ San- 
tuci,^® Hutchinson,"® De Grinocoli,"’^ Kostaneeki,"® Kaufmaiin, Draudt,® 
Textor,"® Kirchner,®® Deus,®" Poubert,®® Trnka,®® Hartung, and Luttel- 
mann. Watsehugoff®" stated that 16 cases had been reported prior to 
his article, but he did not give any definite references or details. If 
these possible cases could be proved and added there would be a total 
of over 60 cases of internal supravesical hernias recorded in the past. 
In addition there are 11 cases which have been described ivith empty 
internal supravesical hernial pockets to ivliich we have already referred. 
Watschugoff found 3 internal supravesical liernias in 1,500 hernia opera- 
tions and estimated that 0.2 per cent of all hernias are of this type. 



pjg 2 .flila sltetclj showy loc.itlon of hornla reported horc. 


CASK RECOUT 

VVe here record an addilional ca.se of ty, deal supravesical hernia with 
llustration .showing if.s e.vtcnsion nito the i.reves.cal sj.aco (h.g. 3). 

g- ypar.c, w.i.y mlmiltoil to tlic University of Knnsn^ Ho- 
T. S., a male, - eomplnints were al)(lomin!il jmin nml voniititiR. 

nitals June 
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The illness Ijegan two weeks before admission witli generalized cramping pains 
in the abdomen followed by vomiting. These symptoms persisted for three days 
and graduall}- subsided. He was free from s; 5 -mptoms for a week when the acute 
symptoms recurred. 'When admitted to the hospital he had been ill four days. 
During this time ho had generalized abdominal pain, more pronounced in the 
lower abdomen, and persistent vomiting. He was very much prostrated and com- 
plained of some palpitation and occasional dyspnea. There was a history of 
nocturia with some difficulty in starting the urinary stream. 

He appeared acutely ill and was obviously very weak. There was some abdom- 
inal distention and abdominal tenderness. The tenderness was chiefly confined to 
the lower abdomen. The inguinal rings were enlarged, but a hernia could not be 
found. Tlie prostate was enlarged and somewhat tender. He had 125 c.c. of 
residual urine. A scout film of the abdomen, taken the morning after admission, 
sliowed a small amount of gas in three short coils of the small intestine. The 
.second day a barium enema revealed nothing of pathologic importance except 
diverticula. 

The morning following admission the blood cliemistrj* showed a nonprotein 
nitrogen of 115 mg.; creatinine, 4.4 mg.; and chlorides, 270 mg. per 100 c.c. of 
whole blood. The red and white blood counts were within normal limits. There 
was a trace of albumin and a few pus cells in the urine. Intestinal obstruction 
was suspected, hut, because of the blood chemistrj- findings, uremia was considered 
u possii)io cause of the abdominal distention. After six days' observation and 
treatment with intravenous dextrose and Kinger’s solution, an exploratory ab- 
dominal operation was done through a right rectus incision. An opening 2 cm. 
in diameter was found near the apex of the bladder to the right of the peritoneal 
fold of the urachus in which was incarcerated a loop of ileum 10 cm. long. The 
fibrous ring of the opening was enlarged and the bowel easily freed. The bowel 
was constricted at tlie ring but still viable. The hernial sac was about 6 cm. 
long and extended downward in front of the bladder and to the right boliind the 
right conjoined tendon. The sac was freed, removed, and the defect in the peri- 
toneum closed. 

'file general condition of tlie patient did not improve following the operation. 
The niidoniinal wound disrupted on the fifth postoperative day and deatli occurred 
two days inter. An autopsy was not permitted. The clinical and x-ray finding.? 
were typical of bronchopneumonia. 


MAGNO.SI.S 


Wiillccf, Sliilker and flray''" and ollier.s state that a definite pre- 
operative diiignosis of internal supravc.sical liernia has never been made 
nor do they hclievo that it will be made in the future. Fromme”’' did 
make this diagnosis on the basis of typical clinical findings confirmed 
by a cystoseoitie visualization of a bulging of the anterior bladder wall 
eansed by a prevesical hernia. Weir'" states that Draudt is also said 
lo have made the diagnosis ]>reoperativoiy, but the reitorl of Draiidf.s 


ease is not eomplete enongli to elas-sify it as a supravesical hernia, 
bcicli and W ildegans'*' believe it possible to make a correct clinictil 
diagnosis of internal supravesical hernias. 

The type of i>atient usually afilieted with an internal sni)ravc.sical 
lu-niia is a well-nnnrislied male between the ages of 22 and 74 years 
'viih a lustory of having lost .some weight before the onset of symptoms. 

Symptoms ocenr only with visceral retention in the internal supra- 
vesicai Imnual sac. They are nsually those of aente inte.stinal obstruc- 
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tion with small bowel strangulation. Because of the enroachment upon 
the bladder, urinary symptoms ai’e common. Symptoms that Reich con- 
siders pathognomonic are intestinal distention and tenderness directly 
over the bladder with other manifestations of intestinal obstruction. 
Because of the advanced age of many^ patients, bladder symptoms may 
be interpreted erroneously as being due to disease of the prostate. 

In making a diagnosis the signs and sj'mptoms of acute intestinal 
obstruction are readilj’- interpreted. A scout film is a diagirostic aid. 
A cystoscopic examination of the bladder may be made for evidence 
of pressure deformity if the condition of the patient will pennit. Ten- 
derness in the bladder region with symptoms of acute bowel obstruction 
suggests the possibility of strangulation in the bladder area. Very 
frequently the serious condition of the- patient will make prolonged 
and repeated examinations dangerous. 


TREATMENT AND PKOGNOSI.S 

The treatment is that of acute intestinal obstruction with strangu- 
lation. The necessity of intestinal resection increases morbidity and 
mortality. It is usually not advisable to free the sac in this type of 
hernia for the patient may not tolerate extensive surgery and removal 
of the sac does not improve the results. Most authors advise simple 
freshening of the edges of the hernial sac and closing it with a con- 
tinuous suture with an added covering of the peritoneal fold most 
accessible. Reexpansion of the urinary bladder soon obliterates the 
space previously occupied by the hernia. 

Of the 34 cases in Table I with known results there were 15 deaths, 
or a mortality rate of 44.1 per cent. 


SUMMARY AND CONCUU.SIONS 


Btiologic factors and pathogenesis of internal supravesical hernias 
are discussed with a description of the anatomy of the supravesical 

fossa. 


A review of the nomenclature has shown tiiat at least twenty-two 
ifferent terms have been used in describing the various l.yi)os of in- 
wnal supravesical hernias. “Supravesical hernia” has boon chosen 
s the most satisfactory general term for iiernins arising in llie supra- 
esical fossa. Modif.ving terms to iiitlicalc flic origin and location 
f t/ various types of supravesical hernias may be used without con- 
* - Five possible directions of herniation from the supravesical 

osTare described and illustrated. _ 

t 60 eases of internal hernias occurring m the region of the 
vnvicwcd and of the.se 37 have have been reported com- 
iladdcr are talmlalcd as time sujiravesical hernias. The re- 
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An additional case of internal supravesical hernia of the prevesical 
type is reported. A preoperative diagnosis of intestinal obstruction of 
unknown cause was made. The diagnosis was obscured by symptoms of 
uremia and by lack of typical early x-ray evidence of small bowel ob- 
struction. It is possible that the obstruction was not complete during 
the patient’s first few daj's in the hospital. 

The diagnosis of internal supravesical hernia is possible preopera- 
tively if the symptoms and signs of intestinal obstruction witli strangu- 
lation, urinary disturbance, and cj'stoscopic visualization of a protru- 
sion of the anterior bladder are found associated. 

The treatment is that of acute intestinal obstruction with strangula- 
tion plus simple closure of the hernial sac. The results of treatment 
depend upon the early recognition of the condition and prompt adequate 
therap.y. 

The mortality rate of reported cases has been 44.1 per cent. 

Wc believe that all hernias arising in the supravesical fossa should 
be called supravesical hernias. The exact t.ype of supravesical hernia 
may have the additional designation of external or internal. The ex- 
Icrnal type passes either directly through the anterior abdominal wall 
or indirectly through inguinal, femoral, or obturator openings. The 
internal tj'pe may have prevesical, paravesical, intravesical, or lateral 
lielvic locations. Hernias extending to the region of the bladder, but 
arising outside of the supravesical fossa, should be classed according to 
their points of origin. 
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good^ and Taylor, “ constantly reported tiirongliout the years modifica- 
tions of his operative procedure based on follow-np examinations of 
patients operated npon according to his method. 

In 1903, after fourteen years, the number of patients so operated 
npon came to over 1,000. It is interesting to speculate not only as to 
the total number of patients that have had the Halsted operation for 
the radical cure of hernia performed upon them either by those who 
were trained on his staff or indirectly trained in his method and 
technique by one of his former assistants, but also as to the percentage 
of cures obtained by this procedure. 

In one of his later contributions Halsted,^ after having emphasized 
the advantage of employing the cremasteric muscle and fascia as well 
as the possibility of turning back a flap of the aponeurosis over the 
rectus muscle, as a support to the lower angle of the wound in closing, 
goes on to state; “The future will decide these nicer points, and it 
would seem that only the nicer points remain now to interest the opera- 
tor.” It is the purpose of this paper to call attention to one of these 
“nicer points” or which more appropriately may be called major 
points that has been found useful not only in the more difficult, but 
also in the large majority of cases of inguinal hernia; i.e., the em- 
ployment of the fascia overlying the rectus abdominis muscle in order 
to close a defect in the lower inguinal region caused by a deficiency 
of the conjoined tendon. 

In the early days of the development of the operation for the cure 
of inguinal hernia, attention was directed mainly to the spermatic 
cord and thus to the upper angle of the wound. The cord was felt to 
be the first cause of the hernia and the main obstacle to its cure. The 
lower angle of the wound was not considered of as great importance 
as the upper. Although the truth of the liability of the spermatic 
cord is not to be doubted, the weakness of the lower inguinal region 
might be more properly ascribed to developmental defects in the fascia 
concomitant with the descent of the testis rather than to the presence of 
the spermatic cord. This point has received support in the now-recog- 
nized lack of necessity of transplanting the cord for the successful 
operative cure of inguinal hernia and has emphasized the importance 
of proper tissue support of the hernial hiatus in the abdominal wall. 
As long ago as 1896 recurrences at the lower angle of the wound were 
recognized by Bloodgood^ as being frequent, and through the years 
up to the present time it would seem that Bloodgood’s observations 
have been confirmed; i.e., that the majority of hernias recurred in the 
lower weak area. One of the most important of the facts ascribed to 
Bloodgood Avas the great variation in the Avidth of the conjoined tendon 
and the responsibility of the insufficient tendon for the recurrences at 
the loumr angle of the Avonnd, through the external ring, directly. In 
1892 Wolfler® described a method of strengthening this area by using 
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S INCE the sixteenth centnvy when Pierre Franco, an ordinary rii])- 
tnre and stone cutter, first relieved incarceration by herniotomy, this 
operation has been of vital interest to surgeons. However, even earlier 
references' to various operations and other methods employed in the 
treatment of hernia may be found in the writings of Celsus, Heliodorous, 
and Paul of Aegina. According to Albert,' from the IMiddle Ages to the 
introduction of antise])tie surgeiy various methods have been in vogue 
and were classified by him as follows: (1) pressure with or without 
the simultaneous application of irritating and so-called contracting 
remedies; (2) caustics and the actual cautery; (3) ligature of the sac 
with or without cutting it off; (4) introduction of foreign bodies into the 
hernial sac; (5) the injection of irritating fluids within or outside of the 
hernial sac; (6) subcutaneous suture. Most of these methods arc still 
practiced, and, in spite of the fact that the operative treatment of hernia 
has been well established for many years, the rebirth of the ancient and 
discarded method of injection has only recently appeared in the litera- 
ture. The obvious lack of unanimity of opinion in regard to the ojiera- 
tive 01 ' nonoperative method of treatment is based upon the fact that 
in a certain number of patients, although this be a small percentage, 


operation has failed to bring about a cure of the hernia. There are 
alwavs, of course, those patients who cither refuse to subject themselves 
to an operation because of fear or who arc properly advised against such 
a course because of some concurrent com])lications. The mo.st cursory 
review of the literature will reveal that each year publications on the 
operative treatment of this aftection have been made, thus indicating 
that' in spite of the fact that the majority of inguinal ruptures are now 
easilv and permanently cured by a variety of procedures and by the 
i-ao-e operator, nevertheless, tliere are a small, but definite, minoiaty 
'Tinstancc-s in which recurrence is all loo common. The underlying 
° i nrineiples upon which an operative cure of hernia is l)ascd 
surgica , {jic efforts of the bc.st surgeons for years and it was 
comp e independent publications of IlalslciP and Bassini' 

' mirmcal technique was placed on a rational basis. Allhontrh 
that tne • ‘ in 1890. P.assini made no fnrtlicr reports, 

after his oi min. tin-oinrh one of his associates, nolablv Blood- 
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rectus imisele to be used in the presence of a defective conjoined 
tendon. Fig. 4 is a drawing by Brodel from a sketch made at the time 
of Halsted’s operation by Harvej' Cushing. 

This procedure of necessity leaves a weak area along the lateral 
border of the rectus muscle through which herniation has occurred 
in the past; besides, the flap of the fascia was placed beneath the 
spermatic cord. Although at times very useful, this method has not 
been popular. Halsted^ mentioned relaxation incisions higher up on 
the rectus muscle in order to loosen the internal oblique so that this 
muscle might be more readily sewn to a lower level along Poupart’s 
ligament, but he was careful to advise against the employment of re- 
laxation incisions lower down on the reetns because, if it were found 
desirable to turn back a flap in this region, such incisions might inter- 
fere. 



antf t of transpianting the rectos muscle. The sac has been excised 

exuDsch 1 closed ; internal oWmue muscle has been divided, the rectos 

(Iraudnl F'\"®P’anted ; at this stage the wound is ready for deep sutures. This 
the wound' h tmfspJnnted rectus muscle lines the lower half of 

Hooking J. C. : Operations on 459 Cases of Hernia in the JohS 

222-582! Januarj-. 1895. Kep. Johns Hopkins 7 ? 


Dissections in over 200 cadavers ivithout hernias, performed in the 
course in surgical anatomy, in addition to experience at the time of 
operations for hernia called our attention to the fact that the difficulty 
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the lower end of the rectus muscle, but according to his description and 
the diagram, published by Bloodgood (Fig. 1), the rectus muscle with 
its fascial covering was drawn laterally under considerable tension 
and was attached to only the middle third of the inguinal ligament. 
The inner lower angle, therefore, was not supported by this procedure. 



Pig 1 , — ^The anatomy of the insuinal canal. The straieht lino on the internal 
oblique muscle represents the correct direction and extent of it.s rtivUslon. The dotted 
lines represent the direction and position which sliould be avoided in dividinp the 
muscle W. The direction and extent of the division of the anterior .sheath of the 
rectus in Svblflcr’s method ; B, the direction and extent of the division of the fa.scia to 
expose the rectus muscle in the writer’s method ; also, tlie extent of the conjoined 
tendon if it is wide and firm : if it is obliterated the transplanted rectus muscle covois 
this portion of the inguinal canal. (From Bloodgood. .1. C. ; Operations on 4.'i0 Cases 
Bernia in the Joiins Hopkins Hospital From June, ISSD, to Jamiar.v, 1S90, Jteri. 
Johns Hopkins Hosp. 7: 223-563, 1S09.) 


Bloodgood in 1899 also reported the use of the rectu.s abdominis 
muscle to fill in the lower angle by incising the lateral margin ns .shown 
in Figs. 1-3. This powerful straight muscle gradually pulled away 
from such a mooring as soon as tlie patient was up and around. Broli- 
ablv one of tlie most interesting oxnmplcs was 7-cccnily relatwl to mo 
br'Follis." He bad performed such a plastic closure on ii imtient who, 
shortly after discharge from the ho.spitnl, was riding a bicycle iij) 
Chase* Street in Baltimore when he felt .something tear in flic lower 
■muinal region. After this ineuleiit lie greeted Folli.s with the re- 
” ” .1- . * “ This is the fir.st lime I have been ahie to stand up straight 
' th operation.” On examination there was some eeeliymosis in 
Since ^ tower end of the sear. It was assumed tliat tlie 

the skin rectus imisele had torn loose. Tin's jn’oce- 

transplan ^ „jven up. Berger' in 1.902 and IFalsted^ in lOo:} .siifj- 
durc was ma ' ouf] of fascia eoverimr the 

gested turning back a n. j 
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of demonstrating a conjoined tendon or falx inguinalis has been very 
great indeed. Some of the details of the anatomy of the inguinal re- 
gion, such as the lateral abdominal muscles and their covering fasciae 
together with Scarpa’s and the transversalis fascia, the aponeurosis 
of the external oblique, and the inguinal or Poupart’s ligament, are 
well understood, but with regard to other structures the fasciae are 
quite variable and their relationship indistinct. In a normal, ivell- 
developed adult, in the dissecting room, the various fascial layers, even in 
the absence of a hernia, are almost impossible to demonstrate to the 
students Avithout producing artefacts. How then can one not ex- 
perienced in such dissections discoAmr at operation and employ for 
closure of the hernial orifice these structures that in the presence of a 
hernia and further attenuation ai'e even more indistinct than normallj^ 
The result is, of course, a poor closure of the vital lower angle of the 
wound Avith inadequate fascia under more or less tension. The fact 
that the great majority of recurrences are direct hernias is ample 
proof of the above statement. In fact, in all but children or very 
young vigorous adults Avho are neither fat nor emaciated it is im- 
possible, as a rule, to shoAv in a satisfactory manner any form of fascial 
layer in the lower inguinal region except the aponeurosis of the ex- 
ternal oblique and the transversalis fascia lying next to the peritoneum. 
Most frequently the surgeon or even the anatomist is confronted Avith 
the difficult problem arising from an undeveloped or an acquired 
atrophy of the conjoined tendon, or from fatty degeneration and 
atrophy of the internal oblique muscle. Again, even in otherAvise Avell- 
developed young male adults there is not infrequentlj’’ a marked con- 
genital attenuation of the entire area betAveen the lateral edge of the 
rectus muscle and the medial margin of the inner abdominal ring. At 
this latter point it Avill be recalled a thickening of the fascia of the 
internal oblique and transversus fascia is termed the ligament of 
Hesselbaeh. The fascial sheet of these tAvo muscles continues in- 
ferioiiy to contribute to the formation of the inguinal or Poupart’s 
ligament and medially to form a part of the abdominal Avail eoAmriug 
the so-called Aveak area or Hesselbaeh ’s triangle. Frequently in the 
interior abdomen the aponeuroses of the obliquus internus and trans- 
versus abdominis remain undiAuded, lateral to the sheath of the rectus, 
and this undhdded or fused part constitutes the conjoined tendon. Al- 
though in the superior paid of the abdomen the aponeurosis of the 
transversus muscle forms the posterior sheath of the rectus, Avdiile 
that of the internal obliqAie .splits to straddle the rectus sheath, these 
relations are changed in the inferior inguinal region. Interiorly the 
aponeurosis of the internal oblique, if it is not fused AA'ith that of the 
transversus to form a conjoined tendon, is inserted upon the Amntral 
surface of the rectus sheath. When strongly developed, it is u.sually 
separable at the point of insertion from the traiiSA’ersus abdominis, and 
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Fig. 3. — The transplanted rectus included by the deep sutures. In this drawing the 
cord has been excised in order to demonstrate tlie operation more clearly. (Fro7n 
Bloodgood, .T. C. : Operations on 459 Cases of Hernia in the Johns Hopkins Hospital 
From June, 1889, to January, 1899, Rep. Johns Hopkins Hosp. 7: 223-.563, 1899.) 


Fig. 


rf(‘tii*< imisch'. 
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lem in the satisfactory closure of a hernia wound. For these reasons 
a simple and most inviting operative method is suggested which not 
only augments the fascia present in the lower inguinal region, but at 
the same time permits of a secure closure Avithout producing the 
slightest tension and thus remains true to one of the greatest and most 
fundamental surgical principles. 

OPERATIVE TECHNIQUE 

The operatiA^e method and technique emiiloyed are in eveiy Avay similar 
to those described by Halsted, AA'ith the exception of the manner in Avhich 
the loAver angle of the Avound is closed. The most meticulous technique 
and hemostasis are observed and fine silk sutures are employed routinely 
throughout the Avound in bringing about the repair of the defect in the 
abdominal Avail. Transplantation of the siiermatic cord has not been 
done because it is thought to be unnecessary for the cure of inguinal 
hernia, either direct or indirect. In fact, the cord Avith its cremasteric 
muscle and fascia is felt to be a valuable addition of tissue to augment 
the paucity existing in the loAA'er angle of the Avound. 

A careful shai’p dissection of the hernial sac down to peritoneum, Avith 
only the slightest extraperitoneal tissue remaining, is felt to be desirable. 
Ligation Avith transfixion sutures of tlie sac as high up as possible is 
undoubtedly one of the more important steps in the operation. The 
stump of the neck of the sac should be alloAved to retract freely under 
the edge of the loAver margin of the internal oblique and transversalis 
muscles. Fixation of this stump to the latter muscles, practiced by 
some, is to be condemned, for a funnel-like pouch of peritoneum is 
formed at the site of fixation and mas'^ be the starting point of a neAV 
hernia. Closure of the neck of the sac, if large, maj* be equally AA'ell ac- 
complished by an internal purse-string suture. On the left side, when a 
sliding hernia is encountered AAdiieh interferes Avith a high dissection of 
the peritoneum due to the position of the sigmoid colon, a series of ex- 
ternal purse-string sutures may be emplo.yed to advantage. In this 
manner the neck of the sac, the area of adjacent peritoneum, and the 
colon are protruded into the peritoneal cavity by such a series of purse- 
string sutures laid in a pattern of circles of ever-increasing diameter. 
Three such sutures are, as a rule, sufficient. High ligation of the sac 
can be accomplished onl}- if the sac is carefully and completely freed 
from the tissue surrounding it. 

As shoAvn in Fig. 5, the incision is made on an oblique line, beginning 
about one fingerbreadth inside and below the anterior superior spine 
of the ilium and crossing doAvn to a point approximately over the ex- 
ternal inguinal ring about one fingerbreadth external to the spine of the 
pubis. A similar incision is made in the aponeurosis of the external 
oblique muscle along the course of its fibers for the same length as the 
skin incision. This incision is made so that the external inguinal ring 
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in the absence of a fusion with the latter or of a conjoined tendon, this 
part of the aponeurosis of the internal oblique forms an aponeurotic 
arch above with the spermatic cord, the medial part of which con- 
stitutes the falx inguinalis. Infei‘iorl3’’ the aponeurosis of tlie trans- 
versus inserts on the lateral border of the rectus sheath wlien tlie con- 
joined tendon is absent. Near the inguinal ligament the internal 
oblique and transversus abdominis are quite similar in that their 
muscle fibers arise from the lateral part of the ligament, both having 
fascial attachment to the ligament throiighout its entire length. 

In summaiy, it is very rarelj' true that a fusion of the aponeurosis 
of the transversus and obliquus interims, thus forming the conjoined 
tendon, occurs as far lateral as the internal inguinal ring, and in the 
average adult it is infrequent that this fusion can be found to occur 
for aiy practical distance lateral to the attachment of the conjoined 
tendon to the lateral edge of the rectus sheath. It is more frequent 
in the dissecting and operating rooms to find the internal oblique 
muscle and its aponeurosis the more strong^ developed of the two 
and inserting separately on the ventral sheath of the rectus muscle. 
The falx inguinalis, in the absence of a conjoined tendon, is usually 
contributed to inainlj' bj' the aponeurosis of the internal oblique. The 
weakness or strength of the lower inguinal region is therefore in 
direct proportion to the strength of the aponeurosis of the internal 
oblique and transversus muscles between the internal inguinal ring and 
the lateral edge of the rectus sheath. If the.y are fused, the sfrueluro 
should be termed the conjoined tendon, which ma.r he strong or at- 
temuited in young or old. An accentuation of the lateral portion near 
the internal inguinal ring has been termed the ligamentum intcr- 
foveolare or ligament of Hcssclbach, the main function of which appear.s 


to be to turn the direction of the spermatic cord. An accentuation 
of the medial portion has been properJ.v called conjoined tendon, the 
fibers of which run to the pubis. If the aponeurosis of flic internal 
oblique and trainsversus muscles arc not fused, the conjoined tendon 
is absent, but the sickle-.shaped band of fibers in the accentuated 


aponeurosis of the internal oblique musele, the falx inguinalis, how- 
ever maj' be and usually is present and dcfinnlile. The presence or 
absence of a conjoined tendon, therefore, has nothing whatever to do 
with the strength or weakne.ss of the lower inguinal fasciae. 

In the adult cadavers and operative cases oxainiricd, the internal 
lliouc and transvcr.sus muscles together in the great majority of iii- 
^ have been found to be atrophic, inderuiite, and attenuated, 

faXrthan definite, strong, and readily demonsfrahle. 

n in all as vet ineoniplete follow-iip of eases operateil 

It would appear m .'11 . _ ■ . , , , ,, , 

^ ^ t)ie lower inguinal region is prolialily the most 

upon for leiiua- ^ feenrrenee of the hernia, whether primarily 
vnlnerahlc 1’°^"^^ jicrnia. and unquestionably offers the greatest ptob- 
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continued as far as the refleetion of the aponeurosis of the external 
oblique will permit. This incision releases the anterior sheath and the 
enclosed muscles tend to bulge immediate^". Lateral displacement of 
the rectus sheath is then accomplished with the greatest ease and closure 
of the hernial wound is eari’ied out in close accordanee with Halsted’s 
technique. 


Ext. oblique 
aponeurosis. 


Rectus sheath :. 
• incised : , 


Cremaste 

muscle' 




Atrophied 
conjoined . 
lendoh; 


As shown in Pig. 7, the cremasteric muscle and fascia are sutured with 
mattress sutures of fine silk to the undersurface of the lower edge of the 
internal oblique and transversalis muscles and their aponeuroses, to- 
gether with the lateral portion of the fascia of the rectus sheath. It 
will be noted that the spermatic cord is left undisturbed and further- 
more that the cremasteric muscle is sutured in such a way that the 
edge of the aponeurosis of the internal oblique and transversalis muscles, 
as well as the lateral portion of the I’eetus sheath, is everted in some- 
what of a roll, forming an edge Avhich may be snugljr approximated to 
the inner .surface of Poupart’s ligament. The cremasteric muscle and 
fascia not only furnish a strong addition to the tissue closing this 
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is divided near its uppor middle angle. Cai-c must he exorcised in 
dividing the external inguinal ring not to injure the ilioinguinal nerve. 
It is for this reason that the ring is divided in its most medial portion. 
As shown in Fig. 5, the aponeurosis of the external oblique is dissected 
medially as far as possible from the anterior sheath of the rectus muscle. 
This dissection is carried well past the linea semilunaris toward the mid- 
line, and, depending on the shape of the abdomen, the aponeurosis of the 
external oblique can easily be freed to within a few centimeters of the 
linea alba, thus exposing more than the lateral half of the anterior sur- 
face of the rectus sheath and its contained muscle. 



•tieal incision is then made tlirou-li tlie anferior slicatli of (lie 
the pyraniidalis mn.sele and also a jiortion of the rectus 
ectus, expo. insertion into the pubic i)one, posterior to the 

tuisclc jus * G). Tlif' tlio r(‘ctns sliealh is cjirricd 

lyramidalis muse e _ niiliie I>one and .superiorly it may be 

ioum to the super >01 lumn. 
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effectiveness of the closure when the anterior sheatli of the rectus muscle 
is incised and displaced laterally is quite striking. The hiatus in the 
anterior sheath is rapidly reformed by the growth of the fascia. The 
disagreeable features associated with turning out a flap of the rectus 
muscle are thus avoided for there is no resulting weakness at the 
lateral edge of the reetus nor is there any permanent defect in the 



sheath of the rectus. A most secure closure of the lower critical angle 
is thus obtained i7i the simplest manner and one that is now routinely 
employed in all inguinal hernias, regardless of the degree of conjoined 
tendon present or the amount of fascia in this region, rather inade- 
quately described as the weak area, the triangle of Hesselbach or the 
lower angle of the ivound. 
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critical angle of the hernial wotiiid, ljut also serve to obliterate any 
dead space which might occur after the removal of the hernia. 

Fig. 84 demonstrates the suturing of this everted edge of the sheath 
of the rectus and aponeurosis of the internal oblique and transversali.s 
muscles to the inner surface of Poupart’s ligament. These sutures 
consist of interrupted medium G silk, a double one being used for the 
final stitch. It is likely that fine silk might be rised here because, 
due to the lateral displacement of the rectus sheath, tliere is absolutely 
no tension exerted in obtaining the most complete closure of the hernial 
wound in its superior, as well as in its ij)fei’ior, portion. The lower 
sutures take hr not orrly the lateral marghrs of the sheath of the rectus, 
but also rvhatever other fascia is irrcsent in the form of either con- 
joined tendon, or remnants of it, as well as the falx ingninalis in the 
event the conjoined tendon is absent. 



Kic. T. 


Fig. 

sutures 


SI! represents ttu* 

holding the eremaste.n 


.shown in I'ic. lied, as well as llie 
nnwfte and fascia. T[ie facility and 
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forms a stronger abdominal wall than wmnld occur in the mere apposition 
of the incised edges, but also permits of a broader approximation of 
surfaces and thus more secure healing. Scarpa’s fascia is then brought 
together with interrupted fine silk sutures and the skin is closed in a 
similar manner. 

There do not seem to be any objectionable features to this procedure 
and it is of the greatest comfort to the operator to be able in a simple 
but efficacious manner to employ such an inviting and natural proce- 
dure. The question of any tension is immediatelj^ done awaj" with in the 
closure of the fascia over the lower angle. In this manner it is felt that 
the percentage of recurrences of a hernia in the lower angle of the wound 
will be very much reduced. 
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The overlapping of the middle and lateral flaps of the aponeurosis 
of the external oblique is then accomplished, as shoum in Fig. 9A and 
B. Interrupted mattress sutures of fine silk are so placed tliat the lateral 
flap is tacked to the inner surface of the middle flap and the edge of the 
middle flap is then sewn domi to the anterior surface of tlie lateral flap. 
This imbrocation of the aponeurosis of the internal oblique not only 
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been able to find at least a scar and a bit of history strongly suggestive 
of a cured epithelioma. 

In the foregoing, in the event that we have overlooked some essential 
modifying element belonging to the above problem, it might be helpful 
if those denying the propriety of prophylactic gland removal after de- 
struction of even a high-grade lip cancer would publish more generous 


A , :: 

I ■■ = 


l-^rr^^^^strating; squamous-cell node metastases from a basal cell primary 
growth. Histoi'y : Patient aged 68 years. The ear canal lesion had been growing 
slowly for several years and patient was referred for treatment because of some 
recent hemorrhages. Findings: This patient had an ulcerated, clinically and micro- 
scopically, basal-cell primary growth in and about the ear canal, 'W'ith a large mass of 
^’Pical, microscopically positive squamous metastases to the glands in the upper 
neck. Treatment : Complete right-side neck dissection and deep destruction of the 
primary growth and underlying bone by cherry hot soldering irons. 

records of five-year follow-ups and microscopic findings npon which 
convincing eonclnsions might be based. This is not meant as a challenge 
but simply a request for information to which we have not had satis- 
factory access. "We personally see too few early lip cancers to make 
onr results of anj- statistical value, but, whether few or many, their 
usually slow onset and insignificant appearance in that stage often fail 

and this makes a post-treatment follow-np more 
difficult than m other mouth epitheliomas. 


CUERENT TREATMENT OP CANCER OP THE LIP 


A Clikigai, Speculatiox 

ViLRAY P. Blair, M.D,, akd Louis T. Byars, M.D., St. Louis, ]\[o. 


A. N UNDERSTANDING surgeon never thinks of sqnamous-ccll or 
adenomatous cancer as disassociated from potential lymphatic 
metastasis, and ive are finding that even presumed or proved basal cell 
groivths are not necessarily above suspicion (Pigs. 1-3). The sup- 
posedly relative infrequency of gland involvement from squamous-lip 
cancer is of itself no sufficient warrant for ignoring its possililc oc- 
currence in any individual ease. The old surgical estimate was that 
70 per cent of squamous-cell epitheliomas of the lip are cured by any 
t.vpe of local treatment that completely controls tlie pilniary focus. It 
is possible that, if the men who are content to treat only the primary 
lip lesion were able to follow the majority of these patients for a jicriod 
of five or ten years, the above percentage of lymphatic immunity might 
prove to be reduced materially. Right or wrong, many present-day 
radiotherapists decry prophylactic cervical gland dissection as being 
unnecessary or even harmful after proper radiation of the primary lip 
gi-owth. This is a vital issue and it might help to clarify the discussion 
or speculation if the Iniomi and unknown factors wliich their premise 
must compass bo here marshalled and discussed in one group. 

There can be no question of a eanccr-free interval of varying length 
between maturity of a primary squamous e])itheIioma and flic oecurrence 
of regional gland contamination, and, if within this absolutely gland- 
free interval the primary growth were destroyed, tlic patient will have 


been cured -without surgical invasion of the neck. However, at present 
we have no way of recognizing just when gland contamination, whicli 
is the termination of the free interval, docs actually take place. The 
first clinical characteri.stic of lymphatic gland metastasis is enlargement 


of a node, but of noce.s.sity there must have l)een a further lapse of time 
between contamination of the node and its becoming jialpablc. This 
second period, antedating recognizable metastasis, for all we know might 
be verv brief, but from occasional instances of late cervical mctasfascs 
developing long after destruction of the primary lesion we must con- 
clude that the quic.sccnt iicriod can be prolonged indefinitely, the cancer 
atcrial apparcntlv remaining dormant within the node for months or 
' In cases of this type under our own observation the quiescent 
' •’ocl has varied from .several monfiis to thirteen years (Figs. -1 and a). 

■ not a new observation; Biitlin. some thirty-five or forty years 
^ .similar behavior of the nodes following longnc amienla- 

ago, ““I certain de<'j> .sqnamons-ecli neck cancers which he 

d as arising from branchial cleft rests. Our first case of the 
regarcici ti.ifiv veai-s ago and in almost alt cases we finvc 

bind came to us about tnti. . 
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b„n aW. to M at least a seat and a Mt ot hiatory strongly snggcstive 

Inttffoin^lsAn the event that tve have overlooked some essential 
modifying element belonging to the above problem, it J'* 

if those denyinv the propriety of pi-opbylactie gland lemot 
s"o?eve’n a l^h-grade lip eaneer wonld publish more generous 



Pjjy -I Illustrating squamous-cell node metastases from _a basal cell primary 

crouub ^ Frinfm-w^ Patient aged 68 years. The ear canal lesion had been growing: 
llowlv fof Imcril years and patient was referred for treatment because of some 
recent hemorrliaKes ^ Fbtdf" as .-'^This patient had an ulcerated clinically and micro- 
Srdcallv bas'i?-ce!i primarj- growth in and about the ear canal, with a large mass of 
tyXal''niicroscopicanv positive squamous metastases to the glands in the upper 
neck ‘I'reatmeiit: Complete right-side nock dissection and deep destruction of the 
primary growtli and underlying bone by cherry liot soldering irons. 


records of five-year follow-ups and microscopic findings npon which 
convincing conclusions might be based. This is not meant as a challenge 
hut simply a retiiiest for information to which we have not had satis- 
factory access. We personally see too few early lip cancers to make 
onr results of any statistical value, but, whether few or many, their 
usually slow onset and insignificant appearance in that stage often fail 
to impress the patient and this makes a post -treatment follow-np more 
difficult than in other mouth epitheliomas. 
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Disiegai'ding the comparative intrinsic value of radiation versus ex- 
cision or mass destruction in the treatment of early or moderately ad- 
\anced squamous epitheliomas of the lower lip, present public opinion 
gives a better break to radiation than to siivgevy on tlie tinie-of-treat- 
ment factor, and this is the greatest advantage that could be asked. 
The average patient seeking treatment by a regular medical practitioner 
is much more apt to choose radiation, Avhich conforms to the widely 
publicized slogan, treatment or cure “without knife or cautery,” than 
he is to have a sizable piece cut or burned from his own precious lip. 



pig-. 2. Illustrating cervical node involvement from a chronic skin ulceration on the 

no'JC. Uistor}/: For several years tiie patient had a ’'pore” ^vhlch was described ns an 
xilceratlon, not as a wavt, on the nose, and about a year before our examination he 
had noticed the submaxillarj’ enlargement which contlnue<l to grow. A few nmnth« 
after this node enlargement, tl\c nose lesion was <IrstroytMl with "caustic." /•'iadiH//?; 
The nose lesion had healed with senrrinc and two perforations tlirougli the alar 
cartilages A fixed mas.s of ulcerating glands In the siihmaxlllary region was clinically 
and microscopically squamous-cell cancer. 


Therefore, wisely used radintion has the better eliiinee of eliminating 
the primary growth before cancer material overcomes the node's re- 
sistance than has local snrgcry. From tiio strides radiotherapy has 
made in the past two decades, it .seems not unreasonable to liopc that 
sooner or later this or some other selective agent may nltimately siijier- 
sede mass destnietioJi of even eaneerons Jympli nodes— “A eonsiimma- 
tion devoutly to be wished" — but we must deal with present facilities, 
f ranted positive instances in which a contaminated node lias retarded 
ctasta.sos for several years, can we deny either that the nodes in any 
T- ■ ted case might have already been contaminated or that there ran Ik- 
„,^*j7_cd insfanee.s in whieli the invarled irland totally dislroys the 
uuiecogi - latter does liappen. it but iiiereas.s the iin- 

contannna to often or bow oarlv a pnrolv transietil gland con- 

eertaintv as to now oueo 
Tmination actually does occur. 
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more appropriate, dictated by theltairlrthV 

of the patient, or his wishes TTa •°f ^ c^isease, the condition 

enee justifies certaL . ? TT’ 

that risk cripplino. o-iand resistT^ »nsurgical diagnostic procedures 
patient. Nerative°fimlin^ fT J compensatory gain for the 

ou a snspeetel gindt 

ment of either pLitL Zl Z ««Mdoy- 

any but yery early lip leLm,., b„t ... *“ "'“**">'5' f»i' ilrasnosing 

ebecto. both the <Ii„,„„eie .„<i orthepS^p^til^^^^^ 




tion, but roent«^noKr;ini did not show bon«* 
but no lowtT glands were felt. T, 
mg. needica 
and around 
later. Grow 


11.-I- glanils weri: foil. Titatmriil : rnilrr ilr. w ijlM,-i- . t •/'■iiri.-i il 

evs ttntl two 10 ms. iiCftll.-s .,r r:MllIi,'. w.-r,' iw. lvu I-.'.r. 

a tin; iiri'u, Klvfiii; ii totiU liiw of -'.Tjo ,,, - i,r ‘ o I'V, '' I'loci'.-t In 

nvtii Wii.s not controlled. «• i . / t.ith <icciirf*-<l ten nmntiin 


forming a bio]).sy of a gland only wlicn tin- susiicctcd original lesion lias 
been previously eliminated. Tlu> pi-oju'r interiiretalioa of the bio//sv 
picture is most im[)ortant, A ])ositive diagnosis of ejiiiludial malignancy 
in all probability will be correct, init a negative inicroscopie diagno.sis 
that controverts a positive clinical i.ictnrc of cancer should be icganlcti 
with at least grave .sn.spicion. \Vc have hmg hcii of the liclic} that 
under the above cireuinslanccs. in tin; final juialysi.s, the patient .slionld 
bo given the benefit ol the doubt by treating the eondition as eatieer. 

ourselves, have had few occasions t.. make sm-h a decision bec.tn.sc 
usually a recheek or another specimen (..as setih-.i tfie matter, but we 
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1. Bai'ly removal and microscopic examination of all possibly pre- 
cancerons lesions or a cantery-biopsy examination of the more advanced. 
The first will prevent many cancers; the latter will be of great help in 
planning treatment of the case in hand. 

2. Proper attention to. possible involvement of the cervical Ij'mphatics. 

3. Mindfulness of the fact that death from cancer of the lip or mouth 
is one of the most terrible ordeals to which human flesh is heir. 

There are five accepted facts upon which the intelligent surgical treat- 
ment of epithelial cancer is based: 

1. If the cancer is completely removed before dissemination occurs, 
the patient is cured as far as this particular growth is concerned, but 
this does not eliminate the possibility of the development of some other 
independent focus. 

2. Metastasis occurs chiefly through the lymphatic vessels to the 
related lymph nodes. 

3. The lymph nodes arc agencies of resistance against cancer dis- 
semination. 

4. The earlier the primary growth is eliminated, the less likelihood 
of demonstrable lymph node involvement. 

5. Even if a limited number of these do become grossly involved, the 
disease might still be controllable. 

It is unfortunate that inferential, if not plain spoken, doubt as to 
the possibility of controlling demonstrably cancerous nodes by proper 
surgical removal frequently emanates from accepted “authorities” 
based chiefly upon their own lack of personal experience or lack of 
observation of the work of men accustomed to do tliis kind of surgery. 
That a worth-while percentage of these cases can be salvaged, even those 
with palpable nodes, is proved by the experience of many surgeons of 
unquestioned standing who have followed the teachings of Butlin, Roux, 
Crile, Kocher, etc., the combined published statistics from all these 
being of sufficient volume and detail to be irrefutable.® 

Many radiotherapists have criticized mass cervical node excision, 
prophylactic or therapeutic, on the ground of its supposedly high 
essential mortality, citing in proof of this statistics of operations done 


♦In a series of 70 of our own cases treated before October 1928 that were so far 
advanced as to require the combined operation of removing lymph nodes and nrimarv 
growth at the same sitting, there were 16 cures of from five to pia-hteen veitrS rv? 
per cent). In 29 of the 70 cases the glands were apparently negative with curps’nf 
20.6 per cent; while in 41 cases the glands were definitely po^tive® with m cures f 24 5 
per cent). For the whole series there were 23 per cent ciires and Hi per cent post- 
operative death rate. Our average of five-year-plus cures for the two-step operatfen 
for the same previous-to-1930 period was 46 per cent with a 5 per cent postoberative 
death rate. (See Blair and Brown.') " ^ Postoperative 

For the subsequent series cared for before 1932. we had 11 mouth cancers with 
complete operation m one step, with 36.6 per cent living five or more ySrs and 
cases operated upon in two stages with 55 per cent living five or yelfs In tlds 

second senes there were no postoperattve deaths for tlu 3 two-step operatioii and“l S 
per cent for the one-step operation. The lessened operative mortalitv of the 
series was due to almost no radical change in the operative procedure and to^*imnroJ,t 
ment of the organization of our house service and to the elimfn'^^Hnrf Tf , •fProve- 
caaes that m the first series had given a 45 per cent mortallfv wf}?. „ sro^ip of 
live years later. Of tlio.se in the earlier groub ha viSu a ‘‘''•‘"S 

»ad''„^e-t"aS-e‘?Ss°^°u“r?s.^ afatr. ^^rl^^.'rn'd 
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Too often in the recent jia.st more attention ha.s Jje ■ 
simplified treatment of the priimirv lesion than * 

patient. The greatest a.ssuninee of Iwih 
he accompli.shed by: 


n.setf on 

n/ion fj,,. 

the simpfe..t fa.shion. ean 
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1. Early removal and microscopic examination of all possibly pre- 
cancerous lesions or a cautery-biopsy examination of the more advanced. 
The first will prevent many cancers; the latter will be of great help in 
planning treatment of the case in hand. 

2. Proper attention to possible involvement of the cervical lymphatics. 

3. Mindfulness of the fact that death from cancer of the lip or mouth 
is one of the most terrible ordeals to which human flesh is heir. 

There are five accepted facts upon which the intelligent surgical treat- 
ment of epithelial cancer is based: 

1. If the cancer is completely removed before dissemination occurs, 
the patient is cured as far as this particular growth is concerned, but 
this does not eliminate the possibility of the development of some other 
independent focus. 

2. Metastasis occurs chiefly through the lymphatic vessels to the 
related lymph nodes. 

3. The lymph nodes are agencies of resistance against cancer dis- 
semination. 

4. The earlier the primary growth is eliminated, the less likelihood 
of demonstrable lymph node involvement. 

5. Even if a limited number of these do become grossly involved, the 
disease might still be controllable. 

It is unfortunate that inferential, if not plain spoken, doubt as to 
the possibility of controlling demonstrably cancerous nodes by proper 
surgical removal frequently emanates from accepted “authorities” 
based chiefly upon their own lack of personal experience or lack of 
observation of the work of men accustomed to do this kind of surgery. 
That a worth-while percentage of these cases can be salvaged, even those 
with palpable nodes, is proved by the experience of many surgeons of 
unquestioned standing who have followed the teachings of Butlin, Eoux, 
Crile, Kocher, etc., the combined published statistics from all these 
being of sufficient volume and detail to be irrefutable.* 

Many radiotherapists have criticized mass cervical node excision, 
prophylactic or therapeutic, on the ground of its supposedly high 
essential mortality, citing in proof of this statistics of operations done 


growth at the same siirms, mere were IB cures of from five to eitrhteen vpa rS " P'Wo c 
per cent). In 29 of the 70 cases the glands were appS-ently negftive w^fh cu^ls of 
20.6 per cent; while m 41 cases the glands were deflnitely positive, with 10 cures f ’4 1 
per cent). For the whole series there were 23 per cent cures and a 3 4 per cent post- 
operative death rate. Our average of flve-year-plus cures for the two-S ooerat^n 
for the same previous-to-1930 period was 46 per cent with a 6 per cent 
death rate. (See Blair and Brown.*) " postoperative 

For the subsequent series cared for before 1932, we had 11 mouth cancers with 
complete operation m one step, with 36.6 per cent living live or more years and ll 
cases operated upon in two stages with 55 per cent living five or rnir^vea?? Tn thil 
second series there were no postoperative deaths for the two-step opemtioA I 

per cent for the one-step operation. The lessened operative mortalitv of the 
series was due to almost no radical change in tile operative procedure and 
ment of the organization of our house service and to the T. ‘ 'mprove- 

cases that in the first series had given T 45 per cent mortaliS- wm," 
live years later. Of those in the ekrlier groun having T cornet '•''■ns 

Oi^ratively and 49 per cent plus ha"d‘^fl'v"e-^^!?^S3“Trs.' Tsef B^atr/L^o*^. 
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oZ ZTelet arLT^blVcT"' '"'f ' 

diefly up„„ the stage ot adaiieom", " '° ““*' '’'l’“‘“"S 

ever, this deatli rate lias no veil ■■ 

neeic dissections done for early lin expected from 

- too fet, o£ t„c latte. .0 "ti: .“"T;- r™"*'-'’ 

some observation of the latter en .. \ but, based on 

neck dissection for cjirly eases should Pi'oplndactic upper 

any major operation in "^7 

mortality percentage following complete neck 

vaneed gland involvement from a hiS I- 1 r ad- 

fact, but untreated the deatli rate of ‘ self-evident 

oent; until radiotherapy can presenf sS, 

a reasonable percentaoc of fivevo-i/'i ‘ ^^ntistical evidence of 
eases, even a 10 per cent ilf- htT 

would be open to criticism chiefli 1 ) 0 ^" surgical attempts 

to prevent future suftCl film o «I>«i'nt^ve death tends 

the disease when surgeiu' ivould haTC'-?? surgery at a stage of 

and free from daime 

Martin, and many olher rad io t 

healthy lymph node can digest and (Wrov 

the lymph nodes should not be excised ” ‘ But'T ’ ’ ‘ 

thM the lymph nodes in the partimdar case stZJZZ Zmyf 

^f^r: '“r ^;:s;: : 

through a lym))h channel to lodge in a node fa)' w'^ 

node contamination hastened or retarded and *fel u-1. Tr ? 

or retard it, and what initiates the chln4 I tactors hasten 

to actual demonstrable metastatic growth within the ilmle/'liranlw^^^^^^^ 

:c::s;rir;;:=r 

. . . i tut I unit, u t’liuraclonstR'.s iior tho 

m....-o»„p,c. ,.,c.t,„.c. c,.„ J 

l,o.v 1» c l,c m<l.vul„al M|,. ,„. f,,,.,, 

t!ei\iciu inotiistusis or whetiuu* or not it will cvi*!* 

1 . Wo »o„mo that oa,.,.... ,..„„.,.ia, ,„. „ 
the parent growth is carrieil to the gland through a Ivinj.li ehani.el hut 
few, if any, nucroseoptsts- have ever aelually recogniiied either the ex- 
foliation, the passage of the cancer material through the Ivmph vcssil' 
or the early characteristics of the cancer material liiat has alreadv found’ 
lodgment within a node (Fig. (>); and. unless we ean grant to either 
the lymphatic vessels or tiie newly divided „v,-k tissues a fm-itltv of 
destroying cancer, the .seeund and third of mu- previously eited ‘'ac- 
cepted facts” are both api-armitly .somewhat unreeoueilahle with Butlin s 
successful practice of removing the glands en ma.s.ye len dav.s or two 
weeks before performing tiie tongue amputation.' 
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2. As already cited, we apparently can have no knowledge of the 
exact time of gland contamination. 

3. It is a modern teaching that a moderate amount of radiation to the 
gland area may prevent or delay the development of metastases, but 
as far as we know this is not proved and certain of our own experiences 
have suggested the possibility that partial irradiation of the nodes in- 
cidental to the treatment of the primary growth might on the contrary 
stimulate the metastatic growth; we have modified some of our technical 
procedures to anticipate this possibility. Certain clinical observations 
suggest that trauma can hasten the glandular metastasis, and we have 
seen several such instances. 

It is well known that certain epitheliomas of more or less distinct 
clinical characteristics and of somewhat corresponding histology are 
more apt to, and on the average will more quickly, cause gland metastasis 
than will certain others, and this fact is with propriety often taken into 
consideration in making a tentative estimate of the likelihood of present 
or future gland metastases in the individual case. However, in making 
this estimate, as a rule, most have failed to credit the gland function 
with any active power to kill cancer cells, apparently regarding the 
latter as a sort of static, somewhat like that of the trap under the 
pantry sink. However, there are several clinical observations bespeak- 
ing the contrary. One is the dormant period already cited. Another 
is the long periods of time that an active metastasis can develop and 
increase in one node without demonstrable invasion of any neighbor, 
while less frequently a whole mass of related glands will enlarge almost 
simultaneously, this latter sometimes following an injury. Another 
example of special resistance is the great rarity with which epithelial 
cancer arising in the face or mouth ever will metastasize below the 
clavicle. With the exception of an occasional axillary node enlargement, 
m all but two of the few cases we have seen of generalized metastases 
from face or mouth, the first recognized symptoms have been of liver 
involvement, ascites, etc. The mechanism or chemistry which sustains 
this special protection might not differ in essence from that guarding 
our whole organism, but it has a special significance ^vith supraclavicular 
cancer, for in the vast majority of cases total elimination of the latter 
would amount to a cure, free from the danger of distant recurrence. 

This behavior of the nodes might suggest the presence of some material 
that gives to the gland an active but variable resistance against the 
development of cancer emboli. 

Be this as it majq imtil the above or some other type of biologic con- 
trol is given us, our present funetion still remains the early recognition 
and destruction of the primary lesion with due regard for possible or 
probable present or future metastases. It stands to reason that the 
moi e acceptable the remedy, the earlier will be the average time of 
treatment, but acceptability should not be allowed to compromise 
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efficiency. Radiation is the most generally acceptable, and ■\vlieu 
properly done it has a high average of efficiency in controlling the 
pi’imaiy lip lesion, but ive have not found this true in regard to the 
lymph nodes. 

That the average treatment does not truly reflect the ])otential 
efficiency of present-day medicine for the control of tliis disease is 
suggested by the fact that we still see a rather small percentage of early 
lip, face, and mouth cancers, most of them having previously been ob- 
served or subjected to some essentially inadequate plan of treatment. 



r-r. - TMffwfr'iJinir a Lari?e, rapWly •’oulirrowin;?/' cauIiJluwi.r clifilc.tlly 

1 Ili^tonj: patient a^etl 75 year^. He iiuil a uart on h ft {ow« r lir» 

low j thrt'f* >a'ari« prevUm.^ to our exanilnalhm lunl cin.^aUeil a pliyyietm 

many an«l applit *! paste. The runtinu».il l/» incp.a.^e m 

who save hmi '.re , pindni/i.T.* A lar;;e* cauIItJow^ r rna.-*'. .-^hov^n In 



comiicion. oui * -".'n 

cjauiination: Wiuaii.ou. 


T some if iwt i»-Ht.uuvs thi^ has Jmt been .Ine entirely 

the victim’s own negligem-e. The pa.st ami pres.nt eonemirated 
. , ■ , iirofe-'siou pins thi.se <>( tin.' ptiblii: icalth, -oeial. 

efforts 01 certain ^ 

and "’The hdtv is eoneerned. -Vn.- ean tic pirmi.-ian 

been wa.sted as tar tne . 
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previously consulted be justly held entirely responsible for faulty advice 
or the inadequate treatment given. Lip and mouth cancers are not of 
common occurrence and the average practitioner is seldom a special 
student of these lesions; therefore he must look to higher “authority” 
for guidance. When he finds the accredited teachers apparently divided 
in their expressions, it is but natural that he should attempt to carry 
out his own interpretation of what he takes to be the simplest plan 
presented, but possibly without any real understanding of what was 
meant or what is needed for its execution. 

It is comparatively simple to state underlying principles of any plan 
of cancer treatment, but, owing to the var3dng conditions that must be 
met in actual practice, their successful application will depend as much 



Fig. 8. — Illustrating the “ingrowing’* type of epithelioma. History: Patient aged 26 
years. He has had a central lip fissure for a year which is now enlarging laterally. 
Fmainps: Patient had a small *'scooped-out*' ulcer with slight induration. Treatment: 
Biopsy of Up ulcer was performed, followed by radium and later upper-neck gland 
excision of both sides. Microscoinc examinations of lip and glands both showed squa- 
mous-cell carcinoma. 

upon the subconscious judgment that comes from long intelligent ob- 
servation as upon any rule-of-thumb. Somehow one gets the impression 
that certain writers, in their efforts to simplify and at the same time 
broaden the scope of the latter, have oceasionallj^ tricked themselves 
into advocating practices thej’^ would not, or should not, always follow. 
We should never lose sight of the accepted principles upon which our 
plan of treatment is based, nor the fact that each individual lip cancer 
is an individual problem. The plan for its proper treatment may he 
influenced or modified by any number of factors: the age and condition 
of the patient, the kind and number of previous treatments, the dura- 
tion of the lesion, the rate of growth or a change in rate, the presence, 



352 


SUKGKKV 


alisonee, or cliaracter of node enlargement, and the pliysical character- 
istics of tlie primary lesion; these and others all must be considered. 
For instance, it is an old and long-accepted observation, which can now 
l)e cla.ssed as knowledge, that the mere size of the primary lesion means 
little, but the direction in which it grows is of the greatest significance. 
When the latter is outward, away from the surface, intensity of its 
virulence may be in invense ratio to its size (Fig. 7) but with growths 
and ulcerations that invade the underlying tissues (Fig. S) the serious- 
ne.ss of the case is apt to be in indirect ])roportiou to the size and depth 
of the invasion. Some very minute or undiscovered ulcers can cause 
wides[)read gland involvement, while other huge masses may show no 
cancer in the related lymphatics. 

Jlicro-scopie grading does give positive evidence of malignancy to the 
extent of its positive findings, but does not exclude the presence of an 
unrevealed area of a higher grade than that actually observed. On the 
other hand, the microscopic lip picture should be rated maybe as much 
as two degrees less virulent than the same picture found in a tongue 
lesion, but there is no warrant for ever permitting high microscopic 
grading alone to deprive the patient of the chance of control that might 
come from wide excision or a well-performed neck dissection. Can 
the general practitioner who usually first sees these cases be expected 
to compass all of the above and more from a few trite rules based often 
upon a large series of cases but possibly questionable follow-ups and 
which he may find contradicted in the next article he reads on the 
subject ? 
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ARTERIOSCLEROSIS IN PANCREATIC DIABETES^'t 
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Ormand C. Jullvn, M.D., C. Vermeulen, M.D., 

AND W. Carter Goodpasture, M.D., 

Chicago, III. 

(From the Department of Surgemj of the University of Chicago) 

T he extensive literature on arteriosclerosis lias been recently collected 
in a boolP published under the auspices of the Josialr Maey, Jr., 
Foundation, and will not be reviewed here. A consideration of this 
literature indicates that, whei’cas much significant information as 
been obtained, the pathogenesis of this disease remains obscure. As 
pointed out by AVells^ the fact seems undeniable that the arterial 
colloids, like those elsewhere in living tissue, undergo definite changes 
with age, leading to their progressive dehydration and loss of 
elasticity, and that these changes in the arterial walls in time must 
result in gradual dilatation and elongation of the vessel. However, the 
development of atheromatous lesions in the intimal layers with caL 
cification does not take place in the arteries of all old people and there 
is some basis for the view that some of these changes are not in- 
evitable but may be due to some metabolic defect. The experimental 
production of atherosclerosis in the aortae of rabbits by the feeding 
of cholesterol, as in the experiments of Anitschkow,® Leary,* and 
others, furnishes strong support for this view. Leary has presented 
convincing evidence with respect to the similarity between these ex- 
perimental lesions and atherosclerosis in man. 

The abnormally high incidence of presenile arteriosclerosis in 
diabetes mellitiis has been generaUy recognized. Joslin® and his asso- 
ciates in particular have called attention to this complication and it 
has recently been commented upon by a number of observers (Morrison 
and Bogan, 1929,® Rabinowitch, 1935,’ lialloek, 1936,® Ruprecht, 1938,“ 
and Root and associates, 1939.®“ The defect has not been abolished by 
insulin therapy and constitutes one of the chief disabling complications 
of diabetes today. There seem to be no essential differences between 
the blood vessel changes that occur in diabetes and those that develop 
in old age and are often attributed to senility. It is the purpose of 
this paper to record the occurrence of arteriosclerosis in depanereatized 
dogs in greater incidence than that commonly found in this species. 

•This work has been aided by grants from the Josiaii ^lacy, Jr., Foumlation, me 
Coiiimitteo on Uesearch in Endocrinology of the National Research Council, the Eli 
Lilly Company, and tlie Douglas Smith Foundation for Medical Research of the Uni- 
versity of Chicago. 

tPresented in part at the meeting of tlie American Physiological Society in Toronto. 
April 2C to 1333. 
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Accof(liiif,r to Fox,’* the domestic dog rarely exliibits arteriosclerosis. 
Alter the tilth year liyperjjlasiu of the intiimi may occur, but the 
deposition of calcium is very rare. In tbc wild relatives of the dog 
arlerioselerosi.s was found in 3 of 192 sttecimens of material in a zoo. 
the life span of these animals w'as one-third longer than the average 
for their faniily. 

In 192-t Pislier'-’ observed very marked arteriosclerosis of the aorta 
in a partially depanereatized dog that had survived the operation 
for eight months. 


K-XeEKUIENTAt, OUSEKVATIONS 

1. The Incidence of Arteriosclerosis in Depanereatized Dogs . — The 
material upon whicli this report is based consists of mongrel dogs of 
both sexes obtained from the city pound and subjected to partial 
or complete pancreatectomy. During the past hve years, we have had 
under observation approximately 225 depanereatized animals in which 
the diabetes was fairly accurately controlled with both regular and 
protamine zinc insulin. For the most part these animals were used 
in the investigation which i-esulted in the demonstration of a second 
internal secretion of the pancreas, apart from insulin, and which has 
been designated lipoeaic as having to do with the utilization of fat. 
Reports of this work have apijeared elsewhere.’^ 

During the course of routine autopsies iir connection with this study, 
we have found varying degrees of arteriosclerosis of the aorta in 10 
completely depanereatized and in 1 partially depanereatized animal. 
In the earlier part of the work sufficient attention was not paid to the 
possibility of alterations in the blood vessels and careful examinations 
of this region were not made. The 11 instances in which changes were 
found occurred in the last 80 animals coming to autopsy, which would 
indicate an incidence of about 13 per cent. The lesions have been 
observed most frequently as small raised pale yellow or white nodules 
in the iirtima of the thoracic and abdominal aorta, arranged in clusters 
about the orifices of the intercostal, mesenteric, and renal arteries and 
in the first part of the aorta near the base of the aortic valves (Pigs. 1 
and 2). Microscopically, all degrees of involvement have been found, 
from proliferation and thickening of the intima, deposition of amor- 
phous lipoid material in the subintimal layers, and disruption of the 
nedia with deposition of amorphous lipoid and calcareous material 
fF’"-s 3-1) These changes have been found commonly in dogs from 
fi ?°to nine months after pancreatectomy, but lesions of lesser extent 
been observed as early as five weeks after the operation. The 
have e typical atheromatous areas in the aorta of a depan- 

observa months old (Pig. 8) that was raised in the 

ereatizec ^ » o^ecially interesting since it indicates that this oemplica- 
laboratory is voung animals. Abbreviated protocols of two of 

tion can occur m veij^ a 

the animals follow. 
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Dog 665. — Male, mongrel, aged about 1 year. Pancreatectomy on Aug. 24, 1937. 
Diet: bread, meat, and milk, containing approximately 25 per cent fat. Diabetes 
controlled with protamine insulin, 4 units daily. By Sept. 24, 1937, liver became 
very fatty (40 per cent fat). Lipoeaic given from Nov. 11, 1937, to Peb. 26, 



Fig. 1.— Dog 665. Photograph showing arteriosclerosis at the base of the aortic 
valves ana about the orifices of the coronary arteries in a dog nine months after 
pancreatectomy. 



Photograph showing numerous raised yellow nodules in thp 
a Om- rol tlioracie and abdominal aorta at the orifices of the branching vessel 3 *^in 
a dog nine montlvs after pancreatectomy. vessels m 
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I'jaS; iiliuiciil imi>rovcmoiil uiul livur fut ilucreiiscd to 8 pur cunt. Lipocaic 
stoppuil ninl nniuiiil bucnino pro^ru.-f.sivuiy wuiikur, lost wuif^lit, and died Itay 12, 

Autopsy: Liver oro-ssly normul; contiiiiiud (i pur cunt fat; no pancreas found; 
other or^juns, with e.wuption of aorta, iiornial. When the aorta was opened, yellow- 
whito nodulc.s wore .seen and palpated on the intiinal .surface within the recesses of 



ISi- 3 Dog 665. Plvotomicrograph showing details of lesions seen in Fig. 1. 

thickening of the intiina. deposition of amorphous lipoid and calcareous material in 
the subintlmal layers and in the media, and disruption of the fibers in the media. 
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ID.’iS; i-liiiiciil iiiiijruveiiioiit uiul liver fut (leere)i.su(I to .S per cant. Lipocaic 
sl<i[)peil aiul iiiiiiiial Ijocaiiie progressively weaker, lost weight, and died ^May 12, 
I'J.'iS. 

Autopsy: liivor "russly nonnal; eoiitained 0 per eeiit fat; no pancreas found; 
other organs, with exception of aorta, nurinal. When the aorta was opened, yellow- 
white nodules were seen and palpnted on the intinial surface within the recesses of 



.. Dor- 665 Pliotomicrosraph showing details of lesions seen in Fig. 1, 

,o-,i\'Sn\na of the intima. deposition of amorphous lipoid and calcareous material in 
the subintimal layers and in tlie media, and disruption of the fibers in the media. 



' oos 665. F''°TdSosMon of °cS:i?tam^‘'anf amorphoS'l liS^materiai in 
the media anu 
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2. The Incidence of Arteriosclerosis in Normal or Nondiuhetic Dogs . — 
As indicated in the report by Fox referred to above, the occurrence of 
arteriosclerosis in normal domestic dogs has rarely been observed. How- 
ever, during the past year we have examined the aortas of 75 normal or 
nondiabetic dogs, obtained from the same source, and someivliat to our 
surprise found definite arteriosclerosis lesions in 4, or about 5 per cent. 
These lesions were exceedingly small, consisting usually of one or two 
pale yellow or white nodules from 0.5 to 1 mm. in diameter and found 
usually in the first part of the aorta near the base of the aortic valves. 
Microscopic sections revealed essentially the same changes in the intima 
and media seen in the depanci’eatized animals. 



Pig. 8. — Do? D-27. Photomicrograph showing arteriosclerosis of the aorta in a 
dog seven weeks after pancreatectomy. This animal was reared in the laboratory and 
was only seven months old at the time of death. A very marked fatty infiltration of 
the liver occurred and death resulted from the biopsy. 

DISCUSSION 

The finding of a higher incidence and great severity of arterio- 
sclerosis in depancreatized dogs than in normal animals of this species 
presents another point of resemblance between pancreatic diabetes and 
diabetes mellitus as it occurs spontaneously in man. It seems probable 
then that factors found to be operative in the one ease may be of signif- 
icance in the other and that both in turn may throw some light on the 
pathogenesis of nondiabetic arteriosclerosis. Considerable evidence has 
accumulated incriminating certain factors in the develoimient of pre- 
senile arteriosclerosis in diabetes mellitus and it is interesting that here, 
too, certain reseinblanees may be seen between the disease in man and 
in the experimental animal. "While there has been some dissent, a num- 
ber of writers (Joslin,= Rabinowiteh,' and others) have voiced their 
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tliL> iiortio valves (Fij;. 1) anil the aortic ring felt calcified. Similar yellowish white 
raised nodules were observed in the intiimi near the ostia of tho branches of the 
thoracic and abdominal aorta (Fig. 2). In the abdominal aorta, near the ostia of the 
celiac and renal arteries, could be .seen faint white or yellow longitudinal streaking 
of the intima for a distance of .'1 to 5 cm. Microscoiiic examination of these lesions 
(Figs. 1! and 1) revealed a marked hyiierplasia of tho intima, disruption of the media, 
and deposition of amorphous calcium and lijioid material in the deeper intimal 
layers and in tho media. 



TOis animal died six months after pancreatectomy and at autopsy 
Fis. 7.— Dog 2S 1 . This anm intima of the abdominal aorta and 

numerous small ye low nodules shown in Figs. 1 and 2. Section sliows deposi- 

ftro£''?ip" if anV-.cm4‘oSs'SiateHal in the media. 


Ttoc on -Female, mongrel, aged about 2 years, weight 7.S kg. Pancreatectomy 
lie 1027 Diet same as for Dog GCo. Diabetes controlled with protamine 
on March ib, daily. On June 15, 1937, the liver was found to contain 

insulin, 8 to daily administration of lipocaic was started. On July 30, 

32 per cent fa an ^oi-inal and lipocaic was discontinued. The animal then 

1937, the liver la ly streimth and died probably from an insulin convulsion 
gradually lost we_ight and „ , , ^ , 


-- - . topsy revealed a moderate fatty infiltration of the liver, 

on Aug. Ml Tlie first portion of the aorta was normal, but numerous 


l7o pancreas 


was 


d to 2 roni. in diameter) wore seen in the intima of the 
small pal® yellow near the ostia of the aortic branches. Jlicroscopio 

thoracic and ^ked proliferation of tho intima (Fig. 5) and in some 

examination lipoid and calcareous material in tho subintimal layers 

deposition of amorp ous 

(Fii 6). 
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of lipoeaic to maintain normal fat metabolism as evidenced in some 
cases by repeated accumulations of fat in the liver and other findings 
indicative of lipoeaic deficiency. The possible role of lipoeaic deficiency 
in the presenile arteriosclerosis of diabetes mellitus and pancreatic 
diabetes is discussed. 
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eoiiviclio 2 i that tlie iiicicleiice of iirtevioxclerosls in diabetes mellitus is 


cspoeitdly high when diets rich in fat ai’c employed and tliat conversely 
it has become more rare with the adoption of a low fat, high carbohy- 
drate regimen. This suggests that some residual defect remains in 
diabetes mellitus even witli adecpiate insulin therapy. Several years 
ago one of us (L. K. D.)“ rai.sed the (lucstion; “Does this mean that 
many diabetics suffer from not onlj' an insulin deficiency hut also from 
a deficiency of lipocaie, which mauife.sts itself in a disturbance in fat 
utilization, with the deposition of fat in the liver and in more chronic 
eases in the subendothclial la 3 'ers of tljo arteries?’’ 

There is some reason to believe that the atherosclerosis of the aorta 
in our depanereatized dogs maj' be due to lipocaie deficiency. Other in- 
vestigators, with the exception of Fisher, liave not observed this com- 
pliation. Praelieallj' without exception tiiese have followed the practice 
of Jlacleod and his associates'"' of feeding fresh pancreas daily in addi- 
tion to giving insulin. Fisher did not give fresh pancreas. The animals 
in our series that developed arteriosclerosis were maintained for varying 
periods of time on rclativclj’’ insufficient amounts of lipocaie. For the 
most part they were used to assay the amoirnts of lipocaie in various 
pancreatic extracts and in this connection were allowed to develop the 
fatty livers of lipocaie deficiencj" alternating with periods of control. 

Chaihoff and Kaplan,'* however, were able to keep depanereatized 
dogs alive for from oire to five jmars bj' means of insulin but without 
providing raw pancreas or supplementary choline or betaine in the 
diet. These animals were not found to have arteriosclerosis. Examina- 
tion of their paper reveals the interesting fact that these animals were 
provided a diet, adequate from the mrtritive standpoint, but containing 
very small amounts of fat ; i.e., only that present in raw lean beef. In 
a recent paper we'*'’ have reported the striking fact that the depan- 
creatized. dog on a low fat diet may survive for long periods on insulin 
alone; whereas, a high fat diet promptly produces the symptoms of 
lipocaie deficiency. In the series of animals reported here that developed 
arteriosclerosis, all were supplied diets containing from 25 to 45 per 
cent fat and active pancreatice juice was occasionally supplied to im- 
prove digestion and absorption. 


SUMMARY 


Arteriosclerosis of the aorta has been observed in 10 completely and 
tially depanereatized dogs in our laboratory, representing an inei- 
^ j! ner cent where this complication was looked for. 

• ' *lar in nature hut much less extensive were observed m 4 of 

Lesions sun ^ obtained from the same 

75 norma of about 5 per cent. Tlie depanereatized animals 

source, or an m insulin and maintained on relatively high fat 

were well contro animals were given insufficient amounts 

diets. "Without exception 
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170). There was no edema, but the abdominal veins were very prominent and a loud 
continuous bruit could be heard over the lower abdomen. The posterior extremities 
were very weak. On Feb. 16 the animat was killed in a fight. 

Animai. 5. — (Fig. 3.) An adult female collie; weight, 13 kg. An aorta-vena cava 
fistula was established on Dee. 17, 1938; aorta, 7 mm. in diameter; vena cava, 9 
mm. in diameter; fistula, 5.5 mm. long. A roentgenogram was taken before opening 
the fistula (pulse, 132). Five hours after opening the fistula a marked diminution 
in cardiac size had occurred (pulse, 160). On Jan. 3, a slight cardiac dilatation 



^'S- 1. — Animal S. Roentgenograms of heart following establishment of an aorta- 
10:45 A.M.. just before opening fistula; b, 11:15 A.M., fifteen 
minutes after opening fistula; c, 1:30 p.m. ; d. 4:00 p.m. At 6 p.m. the animal died as 
the result of the fistula. 



Pig. 2. — Animal 


^an ^°®"*8enograms illustrating reduction in size of heart four 
cava fistula. The animal died a few hours 




THE ANATOMIC AND PHYSIOLOGIC EFFECTS OP AN 
AKTEIHO VENO US FIST UL A<» 

Emile Holman, il.D., San Francisco, Calif. 

(From the Lahoratory for Suryical lle.mtrch, Stanford V nivcraily School 

of Medicine) 


SIGNIFICANCE OF DIMINUTION IN CARDIAC SIZE ON OFENINO A FISTULA 


T hat an arteriovenous fistula has profound effects upon the circu- 
latory system is universally recognized, although the explanation 
for some of these effects is still subject to eontrover.sy. Particularly 
puzzling has been the effect upon the size of the heart, which is said 
invariably to become enlarged in consecpiencc of the fistula. This en- 
largement has been attributed by some solely to dilatation,’ but by 
others to a high degree of hypertroph3L- A startling fact, however, is 
the observation, repeatedly made, that in the first twenty-four hours 
after the establishment of an experimental arteriovenous fistula, the 
heart diminishes in size, followed in succeeding days by a gradual 
enlargement of the heart. Inasmuch as this sequence of events has 
recently been questioned,'' the following observations are presented ; 


Anim.vi. 8. — (Fig. 1.) Female adult dog; weight, 9 kg. An aorta-vena cava 
fistula was established on Jan. 24, 1939; aorta, 0.5 mm. in diameter; vena cava, 8.5 
mm. in diameter; fistula, 5.5 mm. long. Before opening the fistula (10:45 A.M.), a 
roentgenogram of the chest was taken (pulse, 120). At 11:15 -v.sr. a second 
roentgenogram showed a slight diminution in cardiac size (pulse, 120). At 1:30 p.-M. 
the cardiac size was even smaller (pulse, 132), and at 4:00 p.M. the Iieart was re- 
markably sm.allor (pulse, 200). At this time there was marked edema of botli 
lower extremities. The animal died at 0:00 o’clock, two hours later. 


Animal 4. (Fig. 2.) Adult male; weight, 12 kg. An aorta- vena cava fistula 

was "established on Dec. 21, 1938; aorta, 7 mm. in diameter; vena cava, 10 mm. in 
diameter- fistula, 7 mm. long. Before opening tiie fistula a roentgenogram of the 
chest was made’ (pulse, 88). All clamps (proximal artery, distal artery, distal 
in) were removed except the clamp on the vein proximal to the fistula. No bruit 
'^'^"thrill developed and the pulse increased only to 104. After releasing the clamp 
0 -imal vein a loud bruit was heard immediately and an intense thrill could 
on P'' increased to 140. A roentgenogram four hours after 

operation showed a remarkably small heart (pulse, 100). The next morning the 
animal was found dead. 


p^p. weight, 6.S kg. An aorta-vena cava fistula was established 

aorta^5.5 mm? in diameter; vena cava, 8 mm.; fistula, 4 mm. long. 
Jan. 10, l-t^ fistula a roentgenogram of the chest was made (pulse, 120). One 

Before opening ^ fistula a definite decrease in the size of the heart was noted 

hour after opening tne m late’r there was still a slight reduction in the size of the 
(pulse, 132). fwo increase in the cardiac shadow had occurred (pulse, 

heart. 0® ^ 

rrrmt from the Fluid Research Fund of the Rocltefeller 

was aided by S 

Foundation. ggo 
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thesia, an adult dog was given 0.5 c.e. of histamine (1 :1,000) causing 
a marked fall in blood pressure from 144 mm. to 66 mm. Hg (Figs. 
4, 1 and 2 ). Coincident with this fall in blood pressure there oceurred 
a marked reduction in cardiac size (Figs. 4, and 2 '). Histamine 
shock is produced by peripheral vasodilatation. This results in a redis- 
tribution of the circulating blood volume, decreasing it in the central 
circulatory bed and increasing it in the peripheral bed. As a direct 
consequence of this redistribution of blood volume, the heart is reduced 
in size. In the same experiment the animal was permitted to recover 
both its blood pressure and its normal cardiac size (Fig. 4). Again, 



4. — ^hock and cardiac size. The kymo&raphic record (i and 2) illustrates the 
pressure produced by an injection of 0.5 CvC. histamine. Coincident with 
mis histamine shock the heart decreased in size as shown in roentgenograms and 2*. 
5 recovery of blood pressure (5) and cardiac size (3^), shock (-}) was pro- 
V trauma upon the thigh, accompanied again by a decrease in cardiac 


shock was precipitated by heavy and repeated blows on one thigh. The 
mechanism underlying this shock is undoubtedly related to the loss of 
blood into the traumatized area.'*’ ® The development of shock and 
drop in blood pressure (Fig. 4, 5) was accompanied by a corresponding 
reduction in cardiac size (Fig. 4, 3 ‘). Again this is explicable on a 
redistribution of the total blood volume, the blood lost into the peripli- 
eral tissues being abstracted from the central eireulatory bed. 

Exactly eoiuparahle observations have been made incident to se- 
vere ) ood letting. A progressive diminution in cardiac size accom- 
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«n3 noted (pulse, 180), and on Fob. 21 a marked dilatation naa present (pulse, 156). 
At this time it was also noted that tho abdominal wound was discharging pus, and, 
altliough !i loud bruit ivas then present, from this time forward tho bruit gradually 
diminished and finally disappeared entirely. Necropsy (Aug. 17, 1939) showed 
closure of jistula by thrombosis and fibrous contraction. 



pig. 3 Animal 5. Roentgenograms illustrating diminution in cardiac shadow 

within four hours after estabiishing an aorta-vena cava fistula, a definite, though 
slight dilatation five days later, and a marked dilatation seven weeks later. 


ANiJfAL 3.— Adult male; weight, 15 kg. On June 30, 1938, a fistula between 
the ri<^ht femoral vessels tvas established: artery, 4.5 mm. in diameter; vein, 6 mm. 
in diameter; fistula, 2.4 cm. long. A roentgenogram was made before opening the 
fistula (pulse, IM). Immediately after opening tho fistula the pulse rate increased 
to 130 At the same operation, a fistula between the left femoral vessels was estab- 
IMied-' artery, 4.5 mm. in diameter; vein, 6 mm. in diameter; fistula, 2.7 cm. long, 
e opening this second fistula the pulse rate was 144. After opening the second 
the ulse rate rose to 160. Six hours later a roentgenogram showed a definite 
fistula le pu - -ggyi lower extremities were considerably swollen and 

diminution (.jjjg gdema subsided, but the superficial veins became 

edematous. -\Vitliin five days the heart recovered its normal size (pulse, 160), 

quite ; considerably larger than normal (pulse, 156). The animal 

and a month laiei it 

is still living. 

.• t‘ ns in cardiac size incident to an arteriovenous fistula 
These vaiia lo^ with the reduction in the size of the heart 

are directly comp acute experiment, under nembutal anes- 

accompauying shock, in 
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establishing an aorta-vena cava fistula, the animal invariably died if 
the lateral anastomosis produced between the two vessels equaled in 
length the diameter of the aorta. In such instances, the diversion of 
blood into the venous bed ivas excessive, the blood pressure in the 
cerebral, coronary, and renal arteries was reduced to a minimum, the 
heart diminished markedly in size, and death followed. 

In establishing a femoral fistula, the lateral anastomosis between 
the vessels can be 2 and 3 cm. in length, since the volume of blood 
diverted into the A’'enous bed is limited by the diameter of the proximal 
artery. As the proximal artery dilates, the long lateral anastomosis 
permits an increasing leakage of blood into the venous bed, and the 
usual physiologic and anatomic effects invai’iably will occur. Ex- 
perience has taught us that, unless the small femoral vessels are joined 
through long lateral anastomoses, the opening will close by thrombosis 
and cicatricial contraction. Small openings cause so little diversion 
of blood that no measurable physiologic or anatomic changes will 
occur; i.e., measurable by present instruments of precision. End-to- 
end anastomoses have usually proved to be quite ineffective in pro- 
ducing these physiologic results, since complete division of the artery 
is followed by an elastic contraction both in length and in transverse 
diameter of the vessel, so that the fistula is, and remains, too small 
for an effective diversion of blood. 

When fistulas compatible with life but still capable of diverting a 
large volume of blood are established, the reduction in size of the 
heai’t is invariably followed by a gradual dilatation of the heart, in 
some imstanees of remarkable degree, as the following experiments 
demonstrated. 

tNCKEASED CAPACITY OF CIRCUL.ATOKY SYSTEM OUE TO CARDIAC DILATATION 
AND DILATATION OF ARTERY AND VEIN BETWEEN THE FISTULA AND 
heart, WITH A CONCO.MITANT INCREASE IN TOTAL BLOOD VOLUJIE 

To determine more exactly the effects of an arteriovenous fistula, 
the following experiments were undertaken in the growing animal. 
Three puppies from the same litter, born July 6, 1938, all approx- 
imately equal in size and weight, were chosen for the experiment, one 
being kept as a control. 

Per t. — Male; weight, 9 kg. On Nov. 29, 1938, an aorta-vena cava fistula was 
established; aorta, G mni. in diameter; vena cava, 8 mm. in diameter; fistula, 5 
mm. long. The pulse rate was immediately accelerated from 120 to 172 on 
opening the fistula. According to roentgenograms, a slight diminution in the 
cardiac .shadow occurred immediately after the opening of the fistula, but within 
twenty-four hours the heart had recovered it.s original .size, followed in the suc- 
ceeding months by a truly enormou.s enlargement of the heart. At all times after 
the establishment of the fistula, good femoral pul.sations were present on both 
bides. On April 21, 1939, the pul.se rate was 192; respirations, 52 ; the heart was 
\er\ much enlarged and there was great dyspnea on exertion. On Nov. 7 lO'w 
the ummnl was in much better condition; there were no edema and no asci'te.s- 
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paniecl massive external hemorrhage (Pig. 5), followed by recovery of 
the heart to normal size as the withdrawn blood was restored to the 
circulatory system. 

The opening of an arteriovenous fistula also causes bleeding, but in 
these circumstances the bleeding does not occur to the outside nor 
into the tissues, but into a capacious venous system distal and pi’ox- 
imal to the fistula, capable of storing in it a large volume of blood. 
This redistribution of blood from the central circulatory bed into the 
peripheral venous bed is accompanied inevitably by a reduction in the 
size of the heart, provided the fistula permits a sufficient diversion 



Rnpntirenosianis illustrating the direct relationship between size of heart 
nf circulating blood, a. Normal heart of 12 kg. dog; b, after removal 
and total volume of c , arterv; c, after removal of additional 300 c.c. blood; 

of 200 C.C. blood fi 0111 blood into femoral vein. Tiie size of heart is even 

d, after restoration oi . “ ,,j. accretion of fluid from tissues into the circulatory 

5?erdurin“ me bleeSins process. 


1 1 od from the arterial bed. The diminution of the cardiac size 
these instances was quite independent of the rate of cardiac con- 
-noo cnbsefjueiit dilatation was often accompanied by a pulse 
action, SI jjj„.]ier than the rate when the heart was diminished 


in size. heart are dependent upon two conditions; 

Such effects fictnla and its location in the arterial tree. In 

namely, the size of the hstiua 
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good fumorul pulaution.s woru palpable, largo veins (i’ig. 11) wore visible over the 
abdominal wall, and a loud bruit was audible over the lower abdomen. On this 
date, approximately one year after the establishment of the iistula, the carotid 
artery was cannulized to obtain a continuous record of the blood pressure. The 
iistula was exposed and closed by compression. Immediately there occurred a 
pronounced increase in blood pressure and a fall in pulse rate (Fig. 6). Analyzing 
this kymographic record, wo find that closure of the iistula increased the mean 
systolic pressure from 186 to 236 mm. Hg immediately after closing the fistula, 
dropping to a level of 212 mm. Hg as long as the fistula remained closed, falling 
precipitately on opening the fistula to 110 mm. Hg, but recovering promptly 
within a few beats to the previous level of 1S6 mm. Hg. Variations in pulse 
rate paralleled these changes in blood pressure. The animal was killed, and 
examination revealed an aorta dilated from the heart to the fistula and a greatly 
dilated vena cava from the fistula to the heart. The heart almost filled the chest. 
The fistula admitted a bougie having a circumference of IS mm. The circulatory 
system was injected with bismuth oxychloride in gum acacia (Fig. 8). The heart 
weighed 176 gm.j weight of animal, 11.1 kg. (Fig. 9). 


Fig. 



H elevation of blood pressure and reduction in pulse rate on 

^“‘’clVsin^ an aorta-vena c fistula of eleven monUis' duration. 


•eitflit 8.3 kg. On Dec. 6, 1938, an aorta-vena cava fistula was 
PUP 3.-1 a 6) ^ diameter; vena cava, 8 mm. in diameter. On opening 

established: aor a, ^2,0 follomnor day a good pulse 

the fistula the p e ra arteries, there was no edema, and the pulse rate 

could be palpated in twenty-four hours after establishing the fistula 

was 180. A roentgenogr 2g3g^ 22^^ 2ieart had 

showed a definite decrease 
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The animal was killed and the circulatory system injected with bismuth oxychloride 
in gum acacia. The aorta and vena cava were both dilated from the fistula to the 
heart (Fig. 8) and the heart was greatly enlarged. The heart weighed 123 gm., 
weight of animal, 10 kg. (Fig. 9). From the lesser cardiac enlargement as compared 
with Pup 1, it was considered probable that the fistula was smaller in this animal 
than in Pup 1. This proved to be the case. The fistula admitted a bougie having 
a circumference of 12 mm., as compared with 18 mm. in Pup 1. 

The control animal was also killed on tliis date, and the heart and circulatory 
system injected with bismuth oxychloride (Fig. S). The heart weighed Gm., 
weight of the animal, 11.6 kg. (Fig. 9). 


Wei^kt: ‘^4 0 


HO.I. 12-23-391 


Fig. 9. — Cross-section of hearts of three litter mates: a. Control animal: pnp 

with aorta-vena cava fistula 12 mm, in circumference ; c, pup with aorta-vena cava 
fistula 18 mm. in circumference. The cardiac dilatation and hypertrophy were com- 
mensurate with the size of the fistulas. 


The exti’aordinary dilatation and hypertrophy of the heart con- 
secutive to these fistulas in the growing animal contrast somewhat 
with previous observations in adult animals. In the latter instances 
the enlargement seemed to be mainly a dilatation, althougb hjrper- 
tropby also occurred to a minor degree. In Pup 1 three months after 
establishing the aorta-vena cava fistula, evidences of relative cardiac 
insufficiency were present, such as great dyspnea in the presence of a 
greatly enlarged heart. The enlargement up to this time was probably 
mainly due to dilatation. Six months later the animal was mueh 
less dyspneic and was in better general condition. The heart, how- 
ever. was even larger than before, and at necrop.sy an astonisbin 
hypertrophy was present (Pig. 9). The probable explanation is tha 
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Conccutant ,vm. the iuoeease in 

in. through the shorter circuit, «‘f "Ithe impor- 

„f the decreased peripheral ‘ u rplay In the immediate 

tant eomi^eiisatory plienomeiion com^ diversion of blood 

period following the opening o > „ circulation 

h.to the fistulous circuit , :.elrr To compensate for 

with a marked eoneomitant fa m pi-essiu-e to the general 

this diversion and tvhich is large 

circulation, an increase in total oiooc 

or small, depending upon the „wee lit- 

The following observations on total b 
ter mates were made : 


a VXnlAL 

Control 
Pup 2 
Pup 1 


dates 

2/23/39 

8/23/39 

2/28/39 

9/20/39 

2/23/39 

8/23/39 


W EIGHT 

10.4 kg. 
11.6 kg. 

10.5 kg. 
lO.T kg. 

10.0 kg. 

11.1 kg. 


blood volujie 
950 c.c. 
960 c.c. 
1,190 C.C. 
1,210 C.C. 
1,430 C.C. 
1,550 c.c. 


By mathematical computation at Mot' 

roentgenograms of the injected antmals (Ftgs. 8 “^ 

lug aUinrate capacities -- <1— ^ ^ inclX the 

latory system included in the sho 

heart, the aorta from heart to fistula, and the lena caia 
to the heart : 


: 


CAP.VCITA' 

total 

BLOOD 

VOLUME 

increase IX 
C.VP.VCITA' AS 
COMP.VRED TO 
CONTROL 

INCKE.rt>L 

TOTAL BLOOD 
VOLUilE AS 
COilPARED TO 
CONTROL 

Control 
Pup 2 
Pup I 

200 c.c. 

4S0 c.c. 

775 c.c. 

960 c.c. 
1,210 c.c. 
1,550 c.c. 

280 c.c. 

575 c.c. 

250 c.c. 

590 c.c. 


Tn these three litter mates, equal in weight and suture (Fig^ 10), 
there was a surprising correlation between tie inciease ii 
of the shorter circuit and the increase in the total blood volume both 
being commensurate with the size of the fistula. t ® 

that, if no demonstrable dilatation of the heart oi oi t e i esse s prox 
imal to the fistula occurs, there is probably also no demonstrable in- 
crease in blood volume. I believe that even small fistulas are accom- 
panied by a minor dilatation of the heart and vessels and by com- 
mensurate increases in total blood volume, but our methods are not 
exact enough and our eyes not keen enough to demonstrate and to 
recognize such minor dilatations and such small increases in blood 
volume. It is freely granted that the dye method is not a very ac- 



372 


SURGERY 


in the intervening months hypertrophy had "caught up” with the 
previous dilatation. It is suggested that, when dilattation outstrips 
hypertrophy, relative decompensation occurs; when hypertrophy paral- 
lels dilatation, enormous enlargement may occur without decompensa- 
tion. 


Various authors,**' ' following the lead of Lewis and Drury, have as- 
cribed the enlargement that occurs in an arteriovenous fistula mainly 
to a dilatation consecutive to a "deficient nutiution of the heart muscle 
consequent on the fall of mean arterial pressure.” It is obvious that 
the degree of cardiac hypertro23hy demonstrated in these growing 
animals is not compatible with a deficient nutrition of the cardiac 
muscle. Since it has been conclusively demonstrated that the dilata- 
tion involves the entire part of tlie circulatory system through which 
the short-circuited blood passes, including all chambers of the heart, 
and the artery and vein between the fistula and the heart, it can be 
dogmatically stated that the cai'diac enlargement and the dilatation 
of the vessels are both due to the same cause ; namely, to an increased 
bulk or volume of blood flowing through the shovtev circuit. As 
Porter® ably states: "The enlargement of the artery and vein in the 
fistulous circuit and the increase in cardiac size are primarily an ad- 
jirstment dilatation. There is a great increase in cardiac filling due 
to acceleration of the velocity of blood flow, and increase of effective 
venous pressure in the involved vein.” 

It has been repeatedly demonstx'ated that cardiac output is greatly 
increased and even doubled in the presence of a moderately sized 


fistula,® and numerous observations indicate that there is an increase 
in venous pressure in that part of the venous bed lying between a 
fistula and the heart. Although contrary to the conclusions of Lewis 
and Drury, these are established facts. It has never been contended 


that there is a "marked rise in general venous pressure,” but that 
there is a rise in venous jxressure proximal to a fistula, the extent of 
which depends upon the size and duration of the fistula, cannot be 
ouestioned.® When a fistula is opened, the increased velocity of flow 
throu"'h the vena cava may greatly increase the volume of blood de- 
livered to the heart, and an efficient, undecompejisated heart can ef- 
f Itively propel forward a greatly increased volume of blood delivered 
® a rise in general venous pressure, or even without much 

^ •'^\ateral vena eaval pressures. Porter concludes that "with 
X“ment dilatation ot the arteiy and vein the rate oi the blood 
pressure in the vein decrease whde the cross-section of 
flow and e ^.g^^p-ning circuit increases.” It is apparent that the 
the column o giistgpsible vena cava lying free in a large cavity is 
thm-wallea, ^ / jpistment dilatation, and a great increase in ef- 
capable of ^ portal of the heart may occur without 

fective venous piessx „ venous pressure. 

necessarily iBcreasmgttie„ 
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curate method of studying blood volume, but one cannot ignore these 
results obtained in animals of the same litter on successive occasions, 
nor can one escape the fact that if there is a considerable increase in 
the capacity of the circulatory system by dilatation, there must be an 
increase in blood Amlume to fill it. 

THE EFFECTS OF BILATERAL FEMORAL FISTULAS 

On Arterial Pressures . — In an animal in which bilateral femoral 
fistulas had been established on Oct. 31, 1934, the following observations 
(Fig. 12) Avere made on June 28, 1938. Under nembutal anesthesia 




femoral Vstul^ 4® « f carotid blood pressure m the presence of bilateral 

D E both flstul-ii’ ?npn open: pulse, 102 : B. C. right fistula closed ; pulse. 87 ; 

flstulAs nnen • r 'rr hi"'.®®' 9®: G. left fistula closed; pulse, 82: H, I both 

opUed simultaneiusnf%hf“f?® =‘osed m pulse, 76 ■ L, .U, both fistulas 

of blood diverted into the venourbed Pces-sure and pulse depend upon amount 

and with aseptic precautioihs, the right carotid artery Avas cannulized 

ti exposed to permit complete closure 

i> 10 .11 cij pioxiiiial to the fistula. On closiutt the liitht fistula the 
b ooil ....ossiiro rose hiuiioiliato,,. fiuim 124 (|„.lsc. 102 ) t'o 140 3“ 

<Uop„„... a level „t 130 Hg (pulse, 87 ) as 1 „... as the fi.stuh 
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Fig-. 10. — Tracings of injected specimens (Fig. 12) to illustrate dilatation and, 
therefore, increased capacity of that part of the circulatory system througli which the 
blood short circuited by the aorta-vena cava fistula flowed. By mathematical computa- 
tion the capacity of tliis part of tlie circulatory system \Yas as follows : o. Control, 200 
c.o. : 1 ), Pup 2, 480 c.c. ; c. Pup 1, 775 c.c. 






“ 1 , three Utter mates. Dogs 1 and 2 having aorta-vena ca\ 

TO ;ti_photograph or rmve volume, 1,430 c.c. Dog 2: Weight, 10 kg 

fistulas. Dog J--7®‘°"‘bo,.iroir Weight. 11.6 kg. ; blood volume. 960 c.c. 
blood volume, l.-iu c-v- 
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of the aorta, becomes over distended by the volume of blood by which 
the normal volume has been augmented since the introduction of the 
fistula. This overdistention causes a sudden and excessive, though 
temporary, increase in blood pressure, which is promptly rectified, so 
far as it is possible, by a general vasodilatation and, through the 
vagus, by a reduction in the rate of cardiac contractions. As a re- 
sult, after two to three beats the blood pressure drops to a lower 
level, though it is still higher than when the fistula is open. A part 
of the increase in blood pressure is due, of course, to raising the 
peripheral resistance, but were it due solely to the elimination of an 
area of lessened resistance there would be a flat curve without the few 
initial beats of very high pressure. Indeed, the flat type of curve 
is obtained when a fistula is first established, before the blood volume 
has increased : Opening the fistula drops the blood pressure to lower 
diastolic and systolic levels ; closing the fistula restores blood pressure 
to the previous levels, these changes being entirely due to reducing 
and increasing peripheral resistance. 



When a large fistula of long duration is permanently eliminated, 
the blood pressure eiuwe also takes on a very characteristic form 
(Figs. 13-15). Ihere is again a temporary increase both in diastolic 
and sptolic pressures which then gradually subside to lower levels, 
the diastolic remaiinug permanently elevated, the systolic approx- 
nnate j t le same as before the closure of the fistula. These transient 
incieascs can )e explained only on one basis: the overdistention of 
le 1101 ma ai eual bed by an abnormally large volume of blood which 
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reniaiiied closed. On opening the fistula, the blood pressure dropped 
precipitately to 118 nun. Hg, rising promptly to a level of 122 mm. Hg 
as long as the fistula remained oj)en. Similar figures wei’e obtained on 
closing the left fistula (Pig. 12). On closing both fistulas simulta- 
neously, the pressure rose precipitately to a high point of 156 mm. Hg 
(pulse, 76), dropping to a level of 140 mm. Hg as long as the fistula 
remained closed. On opening the two fistulas simultaneously, the 
pressure dropped to a low point of 100 mm. Hg for several beats only, 
rising promptly to the previous level of 124 mm. Hg. 



Tt w.s a convincing demonstration of the fact that the physiologic 
pffects‘of opening and closing a peripheral fistula depend upon the 
ettects r -,^^0 the shorter circuit. 

volume of pressure curve obtained on closing a fistula 

The form o • and distinctly characteristic. Cloning the 

of long duration ^.g^.jal bed the blood formerly leaking into the 

fistula forces into normal arterial tree, including tlie arch 

• -rr^nmis svsteiu* 
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It was apparent that the vena cava was able to accommodate much 
of the increased volume of blood transmitted through the fistula un- 
der arterial pressure by an increased velocity of flow. However, it 
was also apparent that the vena eaval pressure varied directly with 
the volume of blood diverted through the fistulas, being greatest with 
both fistulas open, least with both fistulas closed; intermediate rises 
in vena eaval pressure occurred as one or the other fistula was opened 
separately. 

On March 19, 1940, a second dog (Animal 3), -in which bilateral 
femoral fistulas had been established on June 30, 1938, was investigated 
as to vena eaval pressures. Under morphine and ether, a long glass 
cannula was introduced through a rent in the left external jugular 
vein down into the thoracic vena cava. This experiment differed 
from the preceding experiment in that both the abdomen and the 
thorax were intact. The following observations were noted, the vena 
eaval pressures oscillating 5 to 10 mm. with respiration : 



VEXA CAVAL PRESSURE IN CM. 

OP "WATER 

PULSE 

Both fistulas open 

9.5-10 

108 

Eight fistula closed 

6.5-7 

90 

Left fistula closed 

7.5-8 

96 

Both fistulas closed 

5.5-6 

88 

Left fistula reopened 

7.5-8 


Both fistulas open 

9.5-10.5 



Again, it was demonstrated that vena eaval pressure was increased 
in the presence of bilateral femoral fistulas, the greatest increase oc- 
curring when both fistulas were open. Closing one or the other fistula 
lowered the venous pressure 2 to 3 cm.; whereas, closure of both 
fistulas simultaneously lowered it 4 cm. 

On March 4, 1940, the dog in which two femoral fistulas had been 
established on Oct. 31, 1934, was again anesthetized; the remaining 
left renal vein was eannulized for vena eaiml pressures, and the re- 
maining left carotid artery was eannulized for arteilal pressures 
(Pig. 16). It is evident from the kymographic record that, when both 
fistulas were open, the vena eaval pressure was high and carotid 
pressure was low ; when both fistulas were closed, vena eaval pressure 
was low and carotid pressure was high. Intermediate ai'terial and 
vena eaval pressures were obtained, depending on closure of one or the 
other fistula. 

Irorn these many observations one may conclude (1) that a rise in 
venous pressure occurs proximal to an arteriovenous fistula, and (2) 
that the extent of this rise in venous pressure depends upon the 

amount of blood diverted into the shorter circuit, which is determined 
by the size of the fistula. 
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requires several days for reduction and readjustment to the new con- 
ditions incident to the elimination of the fistula. The permanent 
elevation of diastolic pressure is secondary to the elimination of an 
area of decreased resistance. 

dhe concept of an increase in total blood volume provides a logical 
and acceptable solution for the variations in blood pressure and pulse 
that eharactei'ize tlie ojJening and closing of the peripheral arterio- 
venous fistula. 



PULSE 

Pig. Variations in blood pressure incident to closure of a superBcial femoral 

fistula of five years’ duration, (a) By digital pressure; (b) by operation. The blood 
volume decreased from 5,040 to 4,200 c.c. following elimination of the fistula. 


On Vena Caval Pressures . — On April 14, 1939, the animal in which 
bilateral femoral fistulas had been established three and one-half 
years previously was again subjected to nembutal anesthesia and 
under aseptic precautions the following procedures were carried out: 
Throuh'h an incision in the flank the right kidney was mobilized, the 
■enal artery was ligated, and a glass cannula connected with an up- 
Voht o-lass tubing of equal caliber was inserted into the vena cava 
oil" the renal vein. The pressure, oscillating with respiration, 
corded in centimeters of water under the following conditions: 



VENA CAVAL PRESSURE IN CM. 
01;' WATER 


12-13 

17-18 

19-20 

10.6-17.0 

10-11 

lo-ie 


S.5-9 

12-13 

15-15.5 

12.5-13 

15.5-10.5 

lS.5-19 
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A marked decrease iu cardiac size also accompanies hemorriiage, 
the diminution in the size of the heart being commensurate with the 
degree of blood loss. 

The size of the heart conforms accurately to the volume of blood 
flowing through it. 

The dilatation that accompanies an arteriovenous fistula is not re- 
stricted to the heart, but affects the vessels involved in the fistulous 
eireuit. The same cause is responsible for both dilatations; namely, 
an increase in the volume or bulk of blood flowing through that part 
of the circulatory sj^stem through which the blood short cii’cuited bs'' 
the fistula must flow ; i.e., all the chambers of the heart, the proximal 
artery, fistula, and the proximal vein. 

In the growing animal the dilatation may be very great without 
evidence of decompensation and may be accompanied by jironounced 
hypertrophy. It is suggested that, when dilatation outstrips hyper- 
trophy, decompensation occurs; ivlien dilatation is pai'alleled by an 
equivalent hypertrophy, great enlai'gement and dilatation of the heart 
may occur without decompensation. 

In a crucial experiment involving three litter mates of equal weight 
and stature, one acting as control, one having an aorta-vena cava 
fistula 12 mm. in circumference, and one having an aorta-vena cava 
fistula 18 mm. in circumference, there occurred an increase in blood 
volume commensurate with the size of the fistula. 

In the same animals an increase in the capacity of the circulatory 
system occurred, also commensurate with the size of the fistula. The 
increase in capacity and the increase in blood volume closely paralleled 
each other. 

In an animal with bilateral femoral fistulas the increase in blood 
pressure and reduction iu pulse rate were greatest when both fistulas 
were closed simultaneously, and eonsidei-ably less when either fistula 
was closed separately. The physiologic effect of a fistula, therefore, 
clearly depends upon the volume of blood diverted through the fistula, 
which is determined by its size. 

The transient high systolic and diastolic pressures that persist for 
several days following operative closure of a fistula are due to the in- 
crease in blood volume that has occurred during the existence of the 
fistula, 'i'he permanent elevation of diastolic pressure is secondary to 
the elimination of an area of decreased peripheral resistance. 

In affimals having bilateral femoral fistulas, vena caval pressures 
were highest with both fistulas open, least with both fistulas closed, 
and iutennediato pressures were obtained on closing one or the other 
fistu a separately. Venous pressures proximal to a fistula are de- 
teunined )y the volume of blood diverted through the fistula and 
theretorc by the size of the fistula. 
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SOJIMARY 

In the first twenty-four to forty-eight hours after the establishment 
of a large arteriovenous fistula, the heart diminishes in size, followed, 
if the animal survives, by a prompt return to normal, and, subse- 
quently, by a gradual dilatation which may be apparent within four 
to five days. 

Death due to an excessive diversion of blood through the fistula may 
occur, accompanied by a marked diininution in cardiac size. 

A marked diminution in cardiac size accompanies shock. 



Conditions at 
Site of Fistulae 


Mean Arterial 
Pressures 
Carotid Artery 
mm. Hg. 


Vena Caval 
Pressures 
cm HgO 


1. Both Open 

2. Left Closed 

3. Right Closed 

4. Both Closed 

5. Both Open 

, ,-ernrd of carotid arterial pressures dependent upon condl- 
Pie 16.— Kymograpliic wcor and one-halt years’ duration. Vena 


136 

160 

156 

182 

120 


13 - 15 
9 -10.5 
8.5-10 
6-7 
13 -14 



PROGRESSIVE LYMPHEDEMA ASSOCIATED WITH 
RECURRENT ERYSIPELOID INFECTIONS 


Alton Ochsner, M.D., Alfred B. Longagre, M.D., and 
Samlel D. Murray, M.D., New Orleans, La. 

(From the Department of Surgery, School of Medicine, Tnlane University) 

D iscussing elephantiasis, Matas’- = first in 1911 and later in 1913 
described the similarity of the clinical picture of recurrent ei-y- 
sipelas and that of the acute attacks of recurrent lymphangitis occurring 
periodically in cases of progressive lymphedema which terminate in 
elephantiasis. Since these publications, many clinical and experimental 
reports concerning the etiology and pathogenesis of this disease have 
been made. Much of the evidence tends to support secondary infection, 
principally that of streptococcus, as a major etiological factor. How- 
ever, these investigations do not establish a definite etiology and, as a 
result, the present methods of treatment remain empirical and have 
not proved entirely satisfactory. 


ETIOLOGY 


Reporting the demonstration of the ova and worms of FUaria bancrofti 
in the lymphatics and lymph glands of patients with tropical ele- 
phantiasis Manson^ in 1898 re-emphasized in the production of this 
disease the importance of an inflammatory obstruction of the lymphatic 
system resulting from infection by filaria. As a result of this report, 
elephantiasis was for a long time considered a disease of the tropics 
resulting from an infestation of the lymphatics and lymph glands with 
filaria. However, it was not long before there appeared reports of 
cases of elephantiasis in patients who had at no time been in the tropics. 
The progressive development of lymphedema, with associated attaelis 
of acute lymphangitis, as well as the end stage of the elephantoid condi- 
tion were essentially the same in both the tropical and nontropieal 
varieties of this disease. The reports of these sporadic cases immediately 
opened to question the role of filaria as the only etiological agent in this 
disease. Cases occurring in the ti-opics in patients who give no history 
of filariasis and in whom the filaria organism cannot be demonstrated 


make exceedingly doubtful the specificity of filai-ia as an etiological 
agent even in tropical cases. 

In discussing the etiology of this disease, one must constantly bear 
in mind the similarity of the attacks of acute lymphangitis to those of 
recurrent erysipelas. Because of this similarity, the possibility of a 
common etiologie factor’s being responsible for both erysipelas and 
le acute exacerbations in elephantiasis must be considered. In 1883 
•c 1 oissen xepoi-ted the sueces.sful isolation and culturing of strepto- 
cocci m Sinn lesions in cases of erysipelas. In addition to the Lsolafion 
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eoecal infections. These observations plus the disappearance of reac- 
tions following desensitization of the involved tissue by means of the 
injection of increasing doses of toxin indicate a local tissue sensitivity. 
In other words, following an initial streptococcal infection, the tissues 
may become sensitive to the toxins and metabolic products of these or- 
ganisms and therefore will react in a similar manner to these toxins and 
metabolites as in the original infection. These observations offer a pos- 
sible explanation for the recurrent attacks of erysipelas resulting from 
foci of infection in more distant tissues. 

Hutchinson^® in 1904 stated that whatever causes an obstructive in- 
flammation of the lymphatic trunks may in dependent parts produce 
elephantoid hj’-pertroph 3 L This statement aptly desci'ibes the patho- 
genesis of the disease under discussion, but it does not establish definite 
etiology’’ of the obstructive inflammation. Sabouraud®® in 1892, followed 
by Moncorvo^ and Unna®® in 1896, reported the demonstration of strep- 
tococcus in patients with recurrent eiysipelas and elephantiasis. They 
believed that the recurrent inflammation of the lymphatics resulting 
from an infection b.y the streptococcus was responsible for the pro- 
duction of nontropieal elephantiasis, Unna®® emphasized the importance 
of the inflammatory exudate in addition to simple obstruction in pro- 
ducing fibromatosis characteristic of elephantiasis. He explains the 
periodic occurrence on the basis of incomplete healing of the original 
legion resulting in a vascular disturbance and the incomplete destruction 
of the streptococci. As suggested by Matas, ® there are probably many 
eases of tropical elephantiasis in which the filaria plays no part but 
which are the result of repeated infections of the lymphatic system by 
pyogenic organisms. 

The above opinions are corroborated by the observations made in 
the tropics by several workers who reported numerous cases of ele- 
phantiasis in which there was no history of filaria and in which filarial 


organisms could not be demonstrated. In 1921 Rose,®^ by an analysis 
of previous reports of Grieve®^ (1883), Conyers and Daniels®® (1886), 
Daniels and Castellani®® (1908), and of his own statistics (1920), 
showed the incidence of elephantiasis in British Guiana to vary between 
3.9 and 19.2 per cent; whereas, the incidence of clinical filariasis was 


between 14.8 and 25.3 per cent. He further showed tliat secondary 
infection by bacteria plays an important part in the production of 
elephantiasis in the trojjies, stating that one can recover a pure culture 
of streptocoeens in 90 per cent of the cases of elephantiasis from the 
.juice” or pu,s from the acutely inflamed regional lymph glands. 
In other cases he found a mixture of organisms, including streptoeoe- 
‘^'^'0>b.'/lococc!{,s- tiUni:s, Bacillus coli, and B. puocijancus. In 1908 
oncll- was unable to demonstrate filaria in any of seven eases afflicted 
nil i eep umtiasis in Bombay. He found 5 ])er cent of a large num- 
>er of mhabitanls examined for filaria.sis to be infected with the or- 
g.un.s.n, yet free from elephantiasis. Megaw®^ in 1908 reported tlmt 
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of tile organism, he reproduced erysipelas witli pure cultures of strepto- 
coccus in seven persons suffering from malignant growths. He also 
fulfilled the principles laid down ))y Koch which are necessary to demon- 
strate the specificity of an organism in a disease by reproducing tlie 
disease in animals and successfully recovering the organisms from tliera. 
Shortly after this report of Fehleissen/ numerous other workers re- 
ported cases of erysipelas from Avhich they isolated various other organ- 
isms ; i.e., staphylococci and pneumococci. In some instances these otlier 
workers offered experimental reproduction of erysipelas in animals as 
evidence that their organisms were capable of ijroducing eiysipelas. 
However, these investigations were never conclusive and have never 
seriously challenged the role of the streptococcus as the etiologic agent 
in eases of erysii)elas. At present it is conceded that erysipelas is the 
direct result of an infection by streptococci. ■ 

In more recent years attention lias been focused on the study of the 
specificity of strains of sti'cptococci recovered from eases of erysipelas 
as compared to the strains reeovei-ed from otlier streptococcal infections, 
principally that of scarlet fever. By means of agglutination,, agglutinin 
absorption, and in vivo experiments witli homologous and other strains 
of streptococei isolated from cases of erysipelas and with streptococci 
recovered from eases of scarlet fever, Birkhaug^'® and Eagles”' demon- 
strated definite evidence of specificity of strains recovered from cases 
of eiysipelas. Similar experiments by Gay and Morrison” did not con- ' 
firm this specificity. Because of this conflicting evidence, an attempt 
was made to demonstrate the specificity of these strains of streptococci 


by studying toxin and antitoxin reactions of the various strains. Sub- 
sequent in vitro and in vivo neutralization experiments with toxin and 
antitoxin by Birkhaug,”'® Dick and Dick,” ikndrewes,” and Stevens 
and Dochez” suggest the possibility of the specificity of the strains of 


streptococci recovered from cases of erysipelas. On the other hand, 
Sino'er and Kaplan” were unable to confirm the results of Birkhang’'''® 
and others with neutralization experiments and concluded that the 
streptococci of scarlet fever and erysipelas were not biologically specific. 
Because of the lack of uniformity of the results of these experiments, 
at the present one must conclude that erysipelas is caused by hemolytic 
streptococci which may or may not be specific for this disease. 

Stevens and Dochez,” Stevens,” and Francis,” by means of skin 
tests nerformed both during the acute phase of and in the convalescence 
the disease were able to demonstrate a local tissue sensitivity to 
ambolie uroducts from cultures of streptococci recovered from cases 
memo ^ i qtpvens” compared these focal reactions to reactions seen 
following the injection of inbcrcnlin, Amoco- 
in tubere ...actions in a cliild with stapliyloeoeeas infection re- 

observed smti ' . of o staphylococcus filtrate of the organism 

suiting fi'on'^ patient. Stevens” produced focal rcsponse.s with 

recovered ‘ j fiiivatcs in patients .suffering from .streplo- 

homologous streptococcal 



OCHSK-ER ET At,.: PROGRESSIVE LYJXPflEDEMA 


385 


coeeal infections. These observations plus the disappearance of reac- 
tions following desensitization of the involved tissue by means of the 
injection of increasing doses of toxin indicate a local tissue sensitivit 3 t 
In other words, following an initial streptococcal infection, the tissues 
may become sensitive to the toxins and metabolic products of these or- 
ganisms and therefore will react in a similar manner to these toxins and 
metabolites as in the original infection. These observations offer a pos- 
sible explanation for the recurrent attacks of eiysipelas resulting from 
foci of infection in more distant tissues. 

Hutchinson^'’ in 1904 stated that whatever causes an obstructive in- 
flammation of the lymphatic trunks may in dependent parts produce 
elephantoid hJ'■pertrophJ^ This statement aptly describes the patho- 
genesis of the disease under discussion, but it does not establish definite 
etiologj' of the obstructive inflammation. Sabouraud'”’ in 1892, followed 
by Moncorvo^'’ and Hnna^^ in 1896, reported the demonstration of strep- 
tococcus in patients with recurrent erysipelas and elephantiasis. They 
believed that the recurrent inflammation of the lymphatics resulting 
Horn an infection by the streptococcus was responsible for the pro- 
duction of nontropieal elephantiasis. Unna^^ emphasized the importance 
of the inflammatory exudate in addition to simple obstruction in pro- 
ducing flbromatosis characteristic of elephantiasis. He explains the 
periodic occurrence on the basis of incomplete healing of the original 
lesion resulting in a vascular disturbance and the incomplete destruction 
of the streptococci. As suggested ly Matas,’’ - there are probably many 
cases of tropical elephantiasis in which the filaria plaj^s no part but 
"■Inch are the result of repeated infections of the lymphatic sj'stem by 
pyogenic organisms. 

The above opinions are corroborated by the observations made in 
the tropics by several workers who reported numerous cases of ele- 
phantiasis in which there was no histoiy of filaria and in which filarial 


organisms could not be demonstrated. In 1921 Rose,-^ by an analj’sis 
of previous reports of Grieve-’ (1883), Conyers and Daniels-” (1886), 
Daniels and Castellani-® (1908), and of his own statistics (1920), 
showed the incidence of elephantiasis in British Guiana to vary between 
3.9 and 19.2 per cent; whereas, the incidence of clinical filariasis was 
between 14.8 and 25.3 per cent. He further showed that seeondaiy 
infection by bacteria plays an important part in the production of 
elephantiasis in the tropics, slating that one can recover a pure culture 
of streptococcus in 90 per cent of the cases of elephantiasis from the 
.juice ’ or pus from the acutely inflamed regional lymph gland.s. 
n other eases he found a mixture of organisms, including streptococ- 
albux. Bacillus coli, and B. pijocyancius. In 1908 
o\\e \wis luiablo to dcmon.strate filaria in any of seven cases afllieted 
wi > iMy nuUiasis in Boml)ay. He found 5 per cent of a large num- 
examined for filaria.sis to be infected with the or- 
g.u ism, ye tree from elephantiasis. :Megaw’-‘'’ in 1908 reported limt 
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of the organism, he reproduced erysipelas with pure cultures of strepto- 
coccus in seven persons suffering from malignant growths. He also 
fulfilled the principles laid down by Koch which are necessary to demon- 
strate the specificity of an organism in a disease by rej^roducing tlie 
disease in animals and sueces.sfully recovering the organisms from them. 
Shortly after this report of Pchleisscn,'* numerous other workers re- 
ported cases of erysipelas from which they isolated various other organ- 
isms ; i.e., staphylococci and pneumococci. In some instances these other 
workers offered experimental reproduction of erysipelas iir animals as 
evidence that their organisms were capable of j^i’oducing erysipelas. 
However, these investigations were never conclusive arid have never 
serioirsly challeirged the role of the streptococcus as the etiologic agent 
in cases of erysipelas. At preserrt it is conceded that erysipelas is the 
direct resrrlt of an infection bj'- streptococci. • 

Irr more recent years attention has been focused on the study of the 
specificity of strains of streptococci recovered from eases of erysipelas 
as compared to the strains recovered from other streptococcal- infections, 
principally that of scarlet fever. By means of agglutination,, agglutinin 
absorption, and in vivo experimeirts with homologous and other strains 
of streptococci isolated from cases of erysipelas and with streptococci 
recovered from cases of scarlet fever, Birkhaug°'® and Eagles'’’ demon- 
strated definite evidence of .specificity of strains recovered from cases 
of erysipelas. Similar experiments by Gay and Morrison" did not con- ' 
firm this specificity. Because of this conflicting evidence, an attempt 
was made to demonstrate the specificity of these strains of streptococci 


by strrdying toxin and arrtitoxirr reactions of tire various strains. Sub- 
sequeirt iir vitro aird in vivo rrerrtralization experiments with toxirr aird 
arrtitoxirr by Birkhaug,'’"® Dick arrd Dick," Andrewes," arrd Stevens 
and Dochez" suggest the possibility of the specificity of the strains of 


streptococci recovered from eases of erysipelas. On the other hand, 
Sino-er and Kaplan" were unable to confirm the results of Birkhaug”'® 
and others with neutralization experiments and concluded that the 
streptococci of scarlet fever and erysipelas were not biologically specific. 
Because of the lack of uniformity of the results of these experiments, 
at the present one must conclude that erysipelas is caused by hemolytic 
streptococci which may or may not be specific for tliis disease. 

Steveirs arrd Dochez," Steverrs," and Francis," by means of skin 
tests nerformed both during the acute phase of and in the convalescence 
f the disease, were able to demonstrate a local ti.ssue sensitivity to 
lie nrodrrcts from cultures of streptococci recovered from cases 
metabo^ P Stevens" compared these focal reactions to reactions seen 
of erysrpe as. , following the injection of tuberculin. Amo.ss" 
m tubei:cu . i,i a child with staphylococcus infection re- 
observed iniection of a staphylococcus filtrate of the organism 

suiting from le Stevens*'’ produced focal responses with 

recovered ^ ‘ , 1 filtrates in patients suffering from sti’epto- 

homologous streptococca 
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progi'essively accunmlatiiig' mass of evidence in favor of an etiologie 
pyogenic infection, there are undoubtedly'' cases of elephantiasis which 
can he explained solely as a result of filarial infection.. However, the 
evidence indicates that even in tropical elephantiasis the role of second- 
ary infection is assuming major pi’oportions. 

As mentioned previously, Sahouraud^® and Unna®® Avere the first to 
call attention to the possible etiologie significance of streptococci in 
eases of progressive lymphedema associated Avith erysipelas-like attacks. 
It is upon such evidence that the etiology^ in the nontropical variety of 
elephantiasis can be established. In 1921 Halsted,®® in discussing lynnph- 
edema folloAving radical mastectomy^, demonstrated that radical excision 
of the axillary glands or axillaiy vein or both Avill not in themselves 
produce this condition. There must be, in addition to the interference 
Avith lymphatic and blood floAV, a secondary infection in order to produce 
elephantiasis of the upper extremity. Sistrunk®^ in 1921 reported 33 
cases of elephantiasis, 9 of Avhich Avere proved definitely to be the result 
of some infection in various ty^pes of Avounds. He failed to mention 
whether or not cultures Avere obtained. Reichert®® in 1929 made the 
folIoAving statement; "Simple lymphedemas are tiie result of stasis. 
Add the factor of infection, and Ave have an entirely different picture, 
that of elephantiasis. Chronic infection, usually caused by strepto- 
coccus, after a time readily leads to a progressive hypertrophy of the 
hypodermal and dermal connective tissues. Simple mechanical blockage 
of the lymphatics causes regional ly’mphedema but the characteristic 
fibromatosis and histological changes peculiar to the elepliantoid states 
cannot be produced Avithout py'ogenic infection." Kimtzen®® in 1930 
stated that lympliatic obstruction plays tlie major role, erysipeloid 
streptococcal infection being secondary in the production of elephantiasis 
and pyogenic infection acting only to intensify the course of the disease. 


Castellani®"’ in 1934, in addition to Staph, aureus and Staph, alhus. 
Staph, viscidus, and hemolytic and nonhemolytic streptococcus, found 
tAvo rare coceobaeilli. Micrococcus meta-vnjceticus and M. micromy- 
ceticiis, in cases of nonfilarial elephantiasis. jMore recently, Tisseuil,®® 
Oougerot and Vial,'*® and Telford and Simmons" report other cases of 
elephantiasis Avhieh probably resulted from pyogenic infection. 


Supporting the clinical evidence tliat streiitoeoeeus plays a major 
etiologie role in the production of elephantiasis is the Avork of Iloman.s,'*'-' 
llrinker, and their co-Avorkers.""® They Avere able to reproduce typical 
lymphedema in dogs by injecting a mixture of (juinine and silica into 
the lymphatics. One of these dogs deA-eloped spontaneou-sly an acute 
illnc.ss Avhieh in many respects resembled eases of recurrent erysipelas 
oi exacerbations of lymphangitis. From material aspirated from the 
edenuitous limb during the acute attacks, cultures of streptococci were 
otitamcd Avlueb, Avhen injected into a normal dog, failed to produce a 

sIndhu-’aUner''’TT'‘^ >«.iected into an edematous limb, reproduced a 
' ‘ Ihesc Avorkers suggest that, even though streptococci 
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of 100 prisoners examined onl}'' 3 had elepliantiasis; whereas 15 of the 
entire number were found to be infected with filaria. The three patients 
with elei^hantiasis gave no liistoiy of filarial infestation and the larvae 
eonld not be demonstrated in their blood on repeated examinations. 
Dubruel"“ in 1910 eoneluded that the troj^ical form of elephantiasis 
is more closelj’' allied to the sporadic form and should be considered 
contagious during the attacks of erysipelas. His conclusions are based 
on the examinations of the inhabitants of the island of Slorrea where 
about 12 ijer cent of the population have elephantiasis, yet he was able 
to demonstrate filaria in onlj' 1 ease; whereas, in many he found strepto- 
coccus in pure culture. He failed to state the areas from whicli these 
cultures were obtained. In 1930 Suarez^" reported the study of 60 
cases of recurrent lymphangitis associated with elephantiasis of the 
lower extremities. Cultures obtained from subcutaneous tissues in 50 
patients were negative in all but 2 eases in which streptococci were 
found. In the remaining 10 cases cultures were made from septic foci; 
the hemolytic streptococcus was cultured in 9 and the hemolytic Staph, 
aureus in 1. Eepeated examinations for microfilaria in the blood were 
negative in all of these cases. Croll stated tliat 11.5 per cent of 4,000 
Europeans admitted to Brisbane Hospital in Australia showed filarial 
infection, but none had the symi^toms of elephantiasis. McKinley,®^ in 
attempting to repeat Suarez’ work,^® obtained cultures by aspiration of 
the subcutaneous tissues in 27 patients, in none of whom was there 
any growth. Of 9 additional cases in which cultures were taken from 
ulcers or other septic foci, hemolytic streptococci were found in 7 in- 
stances and hemolytic Staph, aureus in 2. In 11 other patients he ob- 
tained cultures from sections of the skin and found the green strep- 
tococcus in 1 and the hemolytic Staph, aureus in another. The incon- 


sistency of these findings led him to believe that bacterial infection 
does not ahvays or even commonly play a role in acute filarial 
lymphangitis and that it is possible to have acute lymphangitis of filarial 
orio-in without bacterial invasion. In 1932 Acton and Eao®= suggested 
the” following two possibilities by which filaria can produce lymphatic 
obstruction: (1) by chronic inflammation and obstruction resulting 
from repeated and prolonged damage to the lymph glands by the pass- 
ao-e of the larvae through them; (2) by an acute inflammatory cliange 
• ° and around the glands which have been damaged previously by the 
Tryae this inflammation usually being caused by pyogenic cocci. These 
w theses of Acton®® are unusually interesting in that they offer a possi- 
. why elephantiasis is more prevalent in the tropic than in 

r’^.neratc zone Matas*- ® suggests that the mode of living of natives 
■ 'll tronic zones continually exposes the skin to l,oth minor and major 
in the P ^ ^ ^ of entry for pyogenic organism.s. Both 

injuries maintain a neutral attitude in not trying to attribute 

Matas and AC ‘ . ^o infections by either filaria or pyogenic or- 

all cases of clep u _ significant in that, in spite of tlic 

o-anisms. fh's is u 
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crease and ultimately become negative. These tests were performed in 
cases of acute erysipelas and are mentioned only to illustrate and sup- 
port the hypothesis of tissue sensitivity to streptococcal filtrates. 

Numerous authors haAm reported various eonditions which produce 
lymphedema which in some instances progress to the elephantoid state. 
As this paper is coneeimed only with the type resulting from periodic 
recurrent attacks of lymphangitis (erysipeloid), no other will be con- 
sidered. The summary of the various factors which have been suggested 
as causing these attacks which result in the typical elephantoid limb 
may be classified as follows; (1) filarial; (2) filarial plus pyogenic in- 
fection; (3) lymphatic obstruction other than filarial plus pyogenic 
infection; (4) pyogenic infection (streptococcal); (5) local tissue sen- 
sitivity: (a) metabolic products of streptococci; (b) trichophyton. 


PATHOGENESIS 


In order to understand more clearly the pathogenesis of this disease, 
it is important to review the anatomy and the physiologic functions of 
the lymphatic system. In general the lymphatic system consists of 
anastomosing networks of capillaries which in turn drain into larger 
lymphatic trunks, which are interrupted in various places by interposed 
lymph glands. These glands have both afferent and efferent vessels, the 
latter emptying the lymph into larger ducts and eventually into the 
thoracic ducts Avhieh terminate in the subclavian veins. The lymph 
capillaries consist of a closed system of vessels composed of a single 
layer of flat endothelial cells which are bathed in tissue fluid. Lymph 
capillaries are found in every organ possessing a blood imscular circula- 
tion. However, we are concerned only with the lymphatics of the con- 
nective tissues of the extremities; therefore a discussion of the lym- 
phatics of the other organs will not be included. In the skin the 
capillaries are found in the dermis. According to Gray,®^ the subcutane- 


ous tissues are Avithout capillaries but contain small lymphatic vessels. 
The capillary system of the muscles is not clearly understood, but it is 
general^ conceded that muscle contains feiver plexuses of lymphatic 
capillaries than do the more superficial tissues. The osseous system, in- 
cluding the periosteum and bone proper, contain abundant capillaries. 
In the extremities the capillary systems are divided into tAVo parts be- 
tween Avhich there is very poor, if an^', connection. The superficial 
lymphatic system of the upper extremity, however, has many more 
communications Avith the deeper system than ai'e found in tlie loAA'cr 


extreinity. The SAiperficial capillary system of the upper extremity 
empties into lymphatic vessels Avliicli folloAv the coui'se of the supei’ficial 
Aa.scular tree and terminate in the epitroehlear and axillary lymph 
glands. Tlic dcc]) lympliatic system consists of capillaries Avhieh drain 
muscle ti^ues, intermuscular connective tissues, and the osseous system- 
these coalesce to form four .sets of lymphatic trunks; (a) radial, (b) 
ulmu (c) volar, and (d) dorsal. These four trunks follow the respective 
vessels ot the deep circulation and terminate in the axillary glands 



3SS 
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may not be responsible for the initial lymphatic obstruction producing 
lympli stasis, lymph stasis predisposes tlie involved area to pyogenic 
infection. Prior to tlie work of Drinlcer,'^*’® Homans, and otliers, 
Reichert,^'' Homans,'*' and Homans and Zollinger'® had attempted to 
reproduce lymph stasis in dogs by the simple blockage of Ijunpliatics, 
by emi^loying various techniqxies. In additional experiments Homans 
also ligated the femoral vein. Bj' these methods thej' were able to pro- 
duce onlj' a transient Ijunphedema of aiiproximately two to tliree weeks’ 
duration and concluded that the failure to produce permanent edema 
23iobabl3'' was due to tljc rapid re-establishment of the severed Ijmipli 
channels. 


Various authors have suggested other etiologie agents as responsible 
for this disease. The demonstration of Sulzberger and co-workers'® of a 
sensitivit}’’ to the trichophjTon in the involved area is indicative that tin’s 
fungus may be of etiologie significance in some of the cases. They offer 
as additional evidence the improvement resulting from desensitization 
to the trichophyton. MulhollaiKp® states that many of the cases seen 
on the third surgical division of Bellevue Hospital of New York show 
a marked improvement witli decrease in swelling once the epidermophy- 
tosis has been eradicated. Other authors, observing a similar relation- 
ship between epidermophytosis and elephantiasis, believe that ele- 
phantiasis is not a result of the epidermatophytosis but of infection b,v 
the streptococcus which in many instances can be isolated from cracks 
and fissures of the skin associated with the fungus infection. 

In 1933 Stevens,'" in discussing chronic infeetional edema, advanced 
the theory of local tissue sensitivity to the metabolic products of the 
streptococeiis. From cultures which he obtained by aspirating the 
lesions, filtrates which he used for immunization were made. He would 
invariably reach a critical dose which would cause a reaction at the site 
of injection similar to that seen in exacerbations. Continued immuniza- 
tion caused a development of immunity to the toxin in much larger 
doses. The following quotation from Stevens'" is evidence to support 
this idea: “While impaired venous and lymphatic circulation is seen 


to be important in the pathogenesis, in the arm and leg, edema of the 
face has followed infections without similar predisposing circulatory dis- 

gjjgg chronic infections of the sinuses have, however, appeared important 

in this respect. Four of five patients with facial edema had infected 
antra or ethmoidal sinuses. The importance of these infections is empha- 
sized by the absence of similar infections among the fourteen patients in 
whom edema has not developed.” In 192S Francis" reported results of 
Vn tests done on 30 patients with sterile filtrates prepared from a eul- 
of hemolytic streptococci obtained from a typical ca.se of erysipelas; 

a,,,.;, in- the active stage of the disease sliowcd either no or only 
9() CtVSGS dviimo ^ * •» 

. r Vo'ht reaction; whereas, 10 cases showed a definite response. le.st 
very sUo * ’ ^ progressed toward convalescence sliowcd 

doses repeated as ^ t,,e skin to increa.se instead of de- 

a general tendency toi stnsiu j 



OGHSNER ET AL. : PROGRESSIVE LYMPHEDEMA 


391 


mal conditions consist of about 95 per cent lymphocytes. Under con- 
ditions producing inflammatory reactions, the total cell count may in- 
crease, the additional cells consisting mainly of polymorphonuclear 
leucocytes. 

Numerous workers have demonstrated that lymph stasis alone is not 
sufficient to produce the elephantoid condition. Unna^^ and Sabouraud^” 
contended that there must be a superimposed inflammatory reaction 
which keeps the cells bathed in the products of bacterial and cellular 
disintegration. If such is true, it is easy to understand why such con- 
ditions as congenital deformities or developmental abnormalities in 
lymphatic channels or tumors interfering with lymphatic flow or any 
other similar condition ivhich interruiits the lymphatic passages may 
produce lymphedema without causing the changes characteristically 
found in the typical case of elephantiasis. Experiments to produce 
lymphedema, such as those of Homans'*^ and Reichert, which in brief 
consisted mainly of mechanically interrupting lymphatic trunks, blood 
vessels, or both, proved ineffectual in producing a permanent lymph- 
edema, much less an elephantoid condition. Drinker and his asso- 
ciates'*^'^® were able to produce permanent lymphedema in dogs by the 
repeated injections of an irritating substance into the lymphatics. 
One or two of these dogs spontaneously developed an attack simulating 
the attacks observed in human beings. During this seizure they were 
able to isolate a streptococcus. Following the initial attack, spontaneous 
recurrences occurred periodically with a gradual increase in the size 
of the limb, more closely approaching that of elephantiasis. Clinically 
Halsted’s®* eases are similar examples in human beings. 

The pathologic picture in a fully developed case of elephantiasis 
with its marked fibrous tissue proliferation is probably laz’gely the re- 
sult of increased protein content of interstitial fluids. This develop- 
ment of the elephantatic limb is gradual, occurring over a period of 
years. A cross section of a limb in a fully developed case show's a 
marked thickening of the derma and subcutaneous tissues. This thick- 


ening consists of an increase and hypertrophy of the fibrous tissue 
w'hieh extends to and occasionallj’ involves the deep fascia. The under- 
lying muscles usually show no changes, but occasionally they may be 
atrophic. Scattered throughout the fibrous connective tissues are di- 
lated lymphatics which weep on cutting them. The blood vessel walls 
may show some thickening, but these changes are not as marked as 
are the other changes. 


Irrespective of the inciting nature producing the initial h'mph stasis, 
it is probably the inflammatory reaction with its exudative character- 
tsties wliich eause.s the exce.ss accumulation of proteins in the tissue 
uia. A VICIOUS circle is set up in that, in addition to the increased 
production of protein in the intei-stitial fluid from the inflammatorv 
leaclion there is interference with the normal flow of Ivmpli predis- 
posing to exec.sHivc protein accumulation and fibrosis. 
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i» J' » ».-»t of a„as,.,.». 
pliatic trunks in siilirnt'ino . coalesce to form Ijm- 

lynipliatie trunks- tlm * issues. There are two sets of these 

saptieiious vein terminaliZ- follows the course of the great 

and tlie lateral trunks' Aviiicli follow ThT*i 
popliteal lymph glands It is in thi 

munication between the sunerfir.' i ^ ^ ^ Possible com- 

in the upper extondtL 5 lymphatics. As 

its trunks follow the deeper'veteTof^tim”' 

in the external iliac lymph nodes terminating 

and inguinal o-landi nlc/. i • • ’ vessels from the femoral 

veooolsU td i to 

lumbar glands finallv tennin f with the hypogastric and 

into the snbci;®,; vciiis!^ ® 

UcMaster and Parsons" and hv- n.^ ' * Po'sotions, as shown by 

and passive contraettan oi slteM f ““t"' 

tripetal flow, the lar-ve lymnlmtip « i 

tached to the vessel wall'by the convel 

free and in the direction of the current Tl"' " 

single layer of endothelial cells In mo^ • r'" "" 

size are opposed to each other and thev he 

lymphatic vessels approach the lymllntil 

the dow of e-niph"Lides te c3t t„,f“ Sl-OM 

arteriolar pnlsations in.h.de increased fanlmi.lt XTS p^art 
by increased venous pressure or by general local liypertheLS Alien- 
states that the rate of flow is modified but little if nnv i i 

section of nerves or increased arterial pressure Inti-ni’ 
may cause increased flow of lymph by effectino- t],p ' injections 

fluid ont of blood vessels or bV iSn ry to the ^ ° 

. . . t . . ' to tiiG Cflpillcii’v eiiflotliplmni 

allowing proteinized fluid from the blood vessels to leak into the tissues. 

Any other factors causing increased capillary permeability, such as 
mflammation, may also accelerate the flow of lymph. Another factor 
increasing capillary permeability is a relative anoxia of the endothelium 
produced by decreased circulation resulting from arteriolar spasm 
The composition of lymph is similar to that of plasma in that it 
contains the same constituents of plasma but in a more diluted form. 

The specific gravity of lymph is approximately 1.015. Accordiiio- to 
Loweuberg,^= the protein content of tissue fluid under normal condi- 
tions is approximately 1 per cent. Allen- in an analysis of dog’s lymph 
found the protein content to be between 0.5 and *1.84 per cent. In 
addition to protein Ij'mph contains nonjirotein nitrogen, urea, creatinine, 
sugar, cldorides, fibrinogen, prothrombin, leucocytes, amino acids, phos- 
phorus, and calcium. The cellular constituents of lymph under nor- 
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ened walls. Recently, attention has been focused on the alterations 
in the lymphatic system. Descriptions of these changes differ, some 
authors describing marked dilatation of lymph capillaries and smaller 
lymph vessels, others describing lymph soaked tissues in which they 
can find no evidence of existing lymphatic channels. Almost all authors 
agree that there are distinct areas showing coagulation of lymph Avithin 
the lymph vessels. The changes occurring in the skin consist of a thin- 
ning of the epidermis with a thickening of the dermis. Occasionally a 
thickened epidei’mis shoiving hyperkeratosis has been described. The 
hair follicles disappear and the sweat glands shoiv some degree of 
hypertropliy; collagen fibers of the subcutaneous tissues are swollen 
and are arranged in parallel bundles. The bundles, and in places the 
individual fibers, are ividely separated by edema fluid. The overpro- 
duction off fibrous tissue replaces much of the adipose tissue and con- 
nects the skin with the thickened deep fascia. Elastic fibers, if present, 
are arranged in frayed bundles in ivhieh the individual fibers may be 
brokeni|,^;Most authors state that there is a disappearance of elastic 
fibers. . \^iere is some disagreement as to changes observed in the blood 
vessels, but a thickening of tlie vascular wall is mentioned by many. 
The perivascular tissues show a slight round-cell infiltration. 


CLINICAL MANIFESTATIONS 

The prominent features of this disease during acute exacei'bations 
in many respects resemble those of erysipelas. The attacks are usually 
ushered in by a feeling of dull pain which rapidly becomes acute in the 
affected areas. The pain is followed by marked pyrexia, at times asso- 
ciated with chills, and a sustained fever. Other constitutional symp- 
toms are those of headache, anorexia, vomiting, and occasionally a de- 
pression of the central nervous system which may produce coma. In 
addition to the local pain thei’e is a maiked swelling of the limb with 
diffuse redness and pain in the regional lymph glands. The swelling, 
which is tender, is rather tense and does not pit. The duration of these 
attacks varies from two to eiglit days, occasionally lasting longer. Re- 
covery, in contrast to the onset, is gradual; the temperature falls by 
lysis and the other manifestations become less prominent over a period 
of time. The above attaclis have an acute onset and an irregular 
periodicity which is very characteristic. The onset occurs without 
warning and within a few hours the symptoms nsnall.v reach their 
maximum intensity. The intervals between attacks vary greatly; they 
may occur as frcciuently as once every Aveek, hut usually not more so 
than once a month and in many eases their reeurrenee may not take 
p ace more often than once in eiglit to twelve months. In the be"in- 
nmg these recurrenees usually appear after longer intervals and, as'tlie 
isca.sc lU \ances, these intervals become progres-sively shorter, 
le c iiiica nuiuiiestations of elephantiasis are usuallv limi 
the mconvoincneo.s caused by the extensive eniuri 


limited to 
gement of the involved 
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Numerous workers, such as Allen and co-workers'’'“’ Drinker, 
and others,“®'“° liave shown that in experimental and clinical lymph- 
edema tissue fluids contain between 2.7 and 4.5 per cent protein. 
Drinker and his associates, experimenting with dogs, determined 
the protein content of plasma, lymph, and fistula fluid in a dog with 
elephantiasis. These were found to be 7.8, 5.5, and 4 Gm. per 100 c.c., 
respectively. This accumulation of protein favors the production of 
fibrous tissue, which results in fibromatosis in eases of elephantiasis. 
That such a mechanism undoubtedly operates in eases of lymph stasis 
with associated recurrent attacks of inflammation is suggested by this 
experimental work. 

One should not dissociate the clinical features of the elephantoid 
condition from the progressive pathologic changes resulting from pre- 
ceding acute attacks of lymphangitis and upon which the manifesta- 
tions of the late stages depend. Matas'- - in 1911 and 1913 suggested that 
there are probably many factors capable of producing initial Ijmiph stasis 
of both the inflammatory and noninflammatory types and that resulting 
edema, regardless of its mode of onset, increases the susceptibility of 
the involved area to infection by pyogenic organisms. He further states 
that once the inflammatory process has occurred the clinical picture and 
pathologic changes are identical, regai’dless of the initiating etiology. 
The acute inflammatory reaction is characterized by painful swelling 
of the infected area. This area becomes red and in many respects re- 
sembles the discoloration seen in erysipelas. However, the redness is 
more diffuse and seldom shows the blanching in the receding area be- 
hind the advancing red margin, as is characteristic in erysipelas. The 
regional lymph glands of the involved area become very much enlarged 
and tender. Numerous men report that in the extremities the acute 
reaction is seldom seen beyond the root of the limb. As this disease is 
primarily one of lympliangitis and not one of cellulitis, this observa- 
tion can be explained on the anatomical arrangement of the lymphatics. 
Further extension of the process can only occur in the direction of 
the lymphatics, this being to the internal group of lymph nodes in 
the pelvis and aortic areas. Plowever, it is conceivable that in rare 
cases the extension onto the lower abdomen from the thigh is possible 
bv means of a retrograde flow of lymph. The tense lymphedema accom- 
nvin" each attack of lymphangitis recedes somewhat as the disease 
subsides but the size of the extremity never returns to that prior to tlie 
t of the attacks. Consequently, the affected area becomes pro- 
° • Ur invtTPr with each attack and there is a permanent residual 

1 ■ k nin" of the subcutaneous tissues. This process is persistently pro- 
ir^Xe eventually resulting in typical elephantiasis. 

^ D' toiomc description, as given by various authors, has some minor 
fiis o changes observed in cases of elephantiasis. Early 

differences as those of Uinia, emphasized changes in the 

descriptions, P‘ consist of markedly dilated veins, pos.sc.ssing thick- 
venous system wiuen 
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ened walls. Recently, attention has been focused on the alterations 
in the lymphatic system. Descriptions of these changes differ, some 
authors describing marked dilatation of lymph capillaries and smaller 
lymph vessels, others describing lymph soaked tissues in which they 
can find no evidence of existing lymphatic channels. Almost all authors 
agree that there are distinct areas showing coagulation of lymph rvithin 
the lymph vessels. The changes occurring in the skin consist of a thin- 
ning of the epidermis with a thickening of the dermis. Occasionally a 
thickened epidermis showing hyperkeratosis has been described. The 
hair follicles disappear and the sweat glands show some degree of 
hypertrophy; collagen fibers of the subcutaneous tissues are swollen 
and are arranged in parallel bundles. The bundles, and in places the 
individual fibers, are widely separated by edema fluid. The overpro- 
duction of fibrous tissue replaces much of the adipose tissue and con- 
nects the skin with the thickened deep fascia. Elastic fibers, if present, 
are arranged in frayed bundles in which the individual fibers may be 
brokenljsMost authors state that there is a disappearance of elastic 
fibers.. ';'Hiere is some disagreement as to changes observed in the blood 
vessels, but a thickening of the vascular wall is mentioned by many. 
The perivascular tissues show a slight round-cell infiltration. 


CLINICAL MANIFESTATIONS 

The prominent features of this disease during acute exacerbations 
in many respects resemble those of erysipelas. The attacks are usually 
ushered in by a feeling of dull pain which rapidly becomes acute in the 
affected areas. The pain is followed by marked pyrexia, at times asso- 
ciated with chills, and a sustained fever. Other constitutional symp- 
toms are those of headaclie, anorexia, vomiting, and occasionally a de- 
pression of the central nervous system which may produce coma. In 
addition to the local pain there is a marked swelling of the limb with 
diffuse redness and pain in the regional lymph glands. The swelling, 
which is tender, is rather tense and does not pit. The duration of these 
attaelis varies from tivo to eight days, occasionally lasting longer. Re- 
covery, in contrast to the onset, is gradual; the temperature falls bj”^ 
Ij’sis^ and the other manifestations become less prominent over a period 
of time. The above attacks have an acute onset and an irregular 
peiio^city which is very eharaeteristie. The onset occurs without 
warning and within a few hours the symptoms usually reach their 
maximum intensity. The intervals between attaclis vary gi-eatlj'; tliev 
may occur as frefiiieiitly as once every week, but usuaily not more so 
than once a month and in many ca.ses their recurrence may not take 
place more often than once in eight to twelve months. In the begin- 
ning hose reenrrenees usually appear after longer intervals and, as the 
disease oimos- these intervals become progressively shorter. 

1C e iniea manifestations of elephantiasis are usually limited to 
ausou bj tlie e.xtcnsivc enlargement of the involved 
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area. In some instances this may be so extensive that complete loss of 
function is the result. The patient's complaints are almost entirely 
limited to those of inconvenience, plus a dull pain which is frequently 
associated with the increased weight of the involved extremity. In 
additio 2 i to the marked increase in size of the extremity the overlying 
skin is rougli and coarse, liaving a pecm d’orange appearance. At times 
the mouth of the hair follicles are gaping and the hair is usually very 
coarse. In the region of the ankle and Icnee the hypertrophied integ- 
ument is thromi into lieavy folds. Frequently, weeping ulcers with 
a surrounding eezematoid skin are present in the lower leg. In the 
region of chronic ulcers the skin is often pigmented and contracted, 
giving the appearance of an annular constriction. 



In addition to the differences in the types of edema caused by other 
ditions due to systemic disease, including cardiorenal pathology, 

rlpmi etc Reichert"' demonstrated the difterences in x-ray findings 

Tplcuhantiasis from the other edemas. He illustrated that in the 
A stao-e of lymphedema and elephantiasis there is a coarse tra- 

advance marked thickening of the subcutaneous tissues, 

beculation as and other deeper structures retain their relative 

The muse e _^.j.aya 

normal ,• because in similar x-rays in other conditions 

and are a dr o tissues are usually involved. Our x-ra.vs illus- 

with edema all ot int 
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trate coarse trabeculatioii of subcutaneous tissue as described by Reieb- 
ert.“^ (Pigs. 1, 2 and 3). 

As suggested earlier, the successful treatment of this disease in all 
probability will depend upon a clear understanding of the etiologic 
factors and pathologic changes occurring during its course. Unfor- 
tunately, the patient seldom consults the physician during the initial 
attack or even early in the course of the disease. Even if the patient 
did consult the phj'sieian dining the acute attack before the onset of 
characteristic fibromatosis, it is doubtful wliether a diagnosis of pro- 



Fltr. 2. — X-ray of upper tliird of leg. A, NoniuU ; B, elephantiasis. 


gressive lymphedema would be made; it is more lilcely that the patient 
would receive tz’eatment for recurrent erysipelas. Prevention of recur- 
rent attacks at this stage is the ideal foi'm of therapy and every effort 
.should be made to aecomplisli this. If this is successful, a gi’eat many 
surgical procedures will be obviated. Consequently, it sliould be con- 
stantly borne in mind that every case of lymphangitis is a potential 
ease of progressive lymizhedema and fibromatosis. 


■nULlTilENT 

As in the past, the therapy during the acute attacks of lymphangitis 
should be directed to the general systemic care of the patient plus tlie 
neces-sarj mea.sures to vecliiee local iniiammatorv reaction. Usuallv 
thc.,= w,U „( |,ca oWv,-,li<,„ of the ,,„<I 
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supportive measures. The value of vaccines and serum therapy is not 
questioned, but they have not piuved to be of particular benefit in all 
cases. Beall,®® Plexner,“ Gougerot and Blum,®* Muller and Jordan,®® 
Benson,®® Memmeshehner,®” and others have tried autogenous and poly- 
valent vaccines' with success in many instances. Vaccines have shown 
a tendency in certain eases to decrease the frequency of recurrences. 
Symmers and associates,®*"'^^ Dick,^® Birkhang,’' Spink and Keefer,'®’ 
Francis, « Kolehin and co-workers,” and Spicer and co-workers,'®- ” 
and others"-®® found poljwalent streptoeoeeic antiserum to be of great 
value in treatment of acute erysipelas, with good but not so striking 
results in recurrent eases. These same workers demonstrated that the 
use of polyvalent streptococcic antiserum does not modify in any way 
the frequency or the severity of recurrent attacks of erysipelas. 

In addition to the specific therapy in recurrent acute lymphangitis 
it is important that the edema during the interval between acute attacks 
be prevented. The patient should keep the extremity bandaged with 
either an elastic stocking, rubber-roller bandage, or by some similar 
method ; in addition baking and massage with periodic elevation of the 
extremity should be practiced. Exercise of tlie extremity when it is 
in the dependent position should be encouraged. These methods of con- 
trolling edema between recurrent attacks of lymphangitis could be 
instituted with benefit in those eases of chronic progressive edema in 
which there has been no history of an acute episode, because Drinker 
and his associates'®'^® showed that lymph stasis predisposes to secondary 
infection. Also, there are numerous case liistories of progressive lymph- 
edema of many years’ duration in which at no time has there been a flare- 
up of lymphangitis or other evidence of infection, whicli in later stages 
developed the manifestations seen in the type of lymphedema under dis- 
cussion. Once this vicious cycle of infection and Ijanph stasis has occurred, 
its repetition is likely, as is the resulting elephantoid condition. Conse- 
(piently, every ease of progressive lymphedema, inflammatory or other- 
wise, should be treated with this in mind and every effort made to control 
further progression of the edema. The importance of preventing and con- 


trolling the edema cannot be too strongly stressed. Regardless of the 
etiology, edema predispo.ses to seeondaz'v infection. The inflammatory 
\>roeess resulting from the secondary infection )>rodnees a transudation 


rich in protein into the interstitial .spaces which, due to the impaired Ijnn- 
plmtie circulation, accumulates excessively. This protein plus the other 
products of inllamniation is ideal for the production of fibrous tissue. It 
is because oi this susceptibility of edematous tissue that the prevention of 
the edema is not only prophylaxis against infection, hut, if coznpletoly 
eoutrolled, may arrest the condition. This izrevention of edema by suit- 
able bandaging is most important and cannot he too strongly stressed. 

.Matas'’ first suggested that, beeau.se of the evideiieJ favorim* a 
siu-i)t(U’oeiM inleetion in this disea.se. an attempt .slionld be made tohn- 
tk. ,l,c He advoeatal 
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■ e lepeated injections of a polyvalent streptococcic antiserum over a 
ong period of time. As evidence, he presented a patient who went 
uoUj, 1 a couise of lepeated injections of 10 c.c. doses of antiserum, 
given at least three times a week. After sixteen injections the patient 
lepoi e ly ettei fiom a distant city tliat this course of injections 
had given her considerable relief. However, she later reported that 
s le la lac a lecuiience of l.vmphangitis. Matas’’ “ advised repeating 
le coiiise 0 injections, but does not give the follow-up of this case, 
inee ns oiiginal report, Matas has treated several patients with ele- 
p lantiasis by repeated injections of antiserum. Although this treat- 
ment has not completely arrested the disease, he feels that it is of bene- 
in a it engthens the interval between the attacks of acute lymphan- 
oi IS an a so lessens the severit3'- of these attacks when they do occur. 
Appaimitlj^ tins suggestion has not received a fair clinical trial in 
^at there are no reports of its use. At Charity Hospital and the 
Hutchinson Memorial Clinic in New Orleans, Matas’ suggestion was 
attempted in eleven eases, seven of which failed to complete the full 
course of immunization for various reasons beyond our control. The 
four remaining patients have received at least one complete course of 
injections of antiserum and in one instance a patient has received mul- 
tiple series of injections. The patient receiving the multiple series of 
injections of antiserum and the one other who received only one course 
of treatment were not benefited by this form of therapj^ both having 
recurrences without relief. The third patient, who has almost com- 
pleted his first course of injections, experienced a recurrent attack 
shoitlj’’ after staiting the injections of antiserum. However, he has 
been fiee of symptoms during the last five months and feels that in- 
asmuch as he was having recurrent attacks of lymphangitis about once 
a month he has been definitelj’ benefited. In this case the indications 
are not only lengthening the interval between the attacks but are de- 
creasing the severity of their manifestations. The fourth patient did 
not experience a recurrence during the coui'se of treatment and has 
failed to return since its completion. Bertwistle and Gregg,®^ Picard,®“ 
EUiott,®“ and Sezaiy and co-workers®’ advocate the use of antiserum in 
the treatment of this disease but fail to state that they have used it as 
outlined by Matas.’’ - Consequently, clinical evidence is not sufficient 
to warrant conclusions as to the success or failure of this method of 
treatment. Although the accumulating evidence of a high degree of 
specificitj’' in the strains of streptococci as related to their immune re- 
sponses suggests that this method of therapy at times may fail, in 
some specific cases it is advantageous in preventing the recurrence of 
acute attacks of Ij'mphangitis. A further clinical trial is indicated but 
it must be constantl}’ kept in mind that the specifieit.v of infecting or- 
„aiiisms in certain cases maj' result in failure of response. 

° Without explaning the rationale. Low and Dixon,®® iitcGolrick,*'' 
and others treated elephantiasis patients with intravenous injections of 
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iionspecifie protein using T. A. B, vaccine. They fail to mention the 
nature of this vaccine, but report good results in the acute phase; how- 
ever, their follow-ups are insufficient to warrant conclusions. There is 
one report of having used sulfanilamide*® during the acute phase, but 
here again thei’e is insufficient folloAV-up. In our experience sulfanila- 
mide therapy in recurrent lymphangitis has been of no particular bene- 
fit in that it did not seem to alter the course of the acute attack or pre- 
vent recurrences. 


The earliest reports of cases of elephantiasis were concerned pi'i- 
manly with the operative therapy. Of these, the reports of Lisfranc,*^ 
who described a method of scarification of the tissues, and Carnoehan,®* 
in 1851, who reported the ligation of the external iliac or femoral 
arteiy as a method of decreasing eix’culation and thus decreasing edema, 
were the first. Carnochan ’s** pi'oeedure was used more frequently but 
many reported unsatisfactory results in that improvement did not fol- 
low and gangrene often developed. Handley,** in 1908, was the first 
0 attempt to re-establish lymph circulation in lymphedema. His 
method consisted of placing silk threads parallel to the axis of the limb 
in the subcutaneous tissues. Various other modifications of this pro- 
cedure have been advanced. Lexer** substituted strips of fascia for 
the threads, and Lanz,*® in addition, trephined the femur and placed 
s nps of the deep fascia into the trephined holes. Eesults of these pro- 
ures have been for the most part very disappointing. In 1912 
ondoleon*' reported the procedure which bears his name. Ten Horn,*® 
iseu^ing operations used to establish increased lymph drainage, states 
t ^^^‘^^P^tident of Kondoleon, suggested a procedure similar 

^ m Kondoleon. Consequently, this procedure probably 

ou be called the Kondoleon-Payr operation. Kondoleon attempted 
10 establish communication between the superficial and deep lymphatics 
y e excision of strips of deep fascia and placing subcutaneous tissues 
n contact Avith the muscle. Matas*- * was the first to perform a Kon- 
0 eon procedure in this country. His comments as to the efficacy of 

obvious that the possibilities of the new 
tion ^ clinical experience and further observa- 

,, ■ ^ ® of the observations thus far reported is that 

they are encouragius:. It wUl -hi. i, ^ 

Kondoleon** herein described f i " 

give a more extended and +i^ encourage others similarly placed to 

observations arc i-ecMdcd * Tl® '“"'*5' 

ation mot with indiUcS s„o! “"V ‘k® opor- 

complete success resulted ^ of e^^ses. The lack of 

Auchincloss,*=° Macev* 2 x modifications by Sistrunk,*** 

the same principle. These rTff ’ however, all are based upon 
dure in the following re.sneJts^*' Kondoleon** proee- 
removal of overlying skin ami n modification added the 


a wedge of diseased subcutaneous tissue; 
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f “ ,P»l)'valent atreptococcie anlisernm over a 
throuo-h n . ^ evidence, lie presented a patient who went 

o-iven*" ] Tir. injections of 10 c.c. doses of antiserum, 

renorted hv 1 ^ week. After sixteen injections the patient 

al I,?d ' «1«- However, ahe later report that 

the eoiirsp lymphangitis. Matas'’ - advised repeating 

^inee lii<! n ' ‘ioes not give the follow-up of this case. 

nWia rr"'" Patients with ele- 

CThZnf -^Itiough this treat- 

fitTn tint ft 1 disease, he feels that it is of bene- 

^t s d Irf attacks of acute lymphan- 

Annar tl t) severity of these attacks when they do occur. 

fhM a fair clinical trial in 

Hutchinson^lflfrS^Suf^fNr 

ctr r; 

Ulse of immunization for various reasons beyond our control The 

infe'etiorfrnur 

tide seriec! nf ‘ instance a patient has received mul- 

im’pctinm nf The patient receiving the multiple series of 

of treatment and the one other who received only one course 

of treatment were not benefited by this form of therapy, both having 

pleted his first course of injections, experienced a recurrent attack 
shortly after starting the injections of antiserum. However, he has 
been free of symptoms during the last five months and feels that in- 
asmuch as he was having recurrent attacks of lymphangitis about once 
a month he has been definitely benefited. In this case the indications 
are not only lengthening tlie interval between the attacks but are de- 
creasing the severity of their manifestations. The fourth patient did 
not e.xperienee a recurrence during the course of treatment and has 
failed to return since its completion. Bertwistle and Grcp’"’ Picard 
Elliott,^*' and Sezary and co-workers«' advocate the use oflntiseriim in 
the treatment of this disease but fail to state that they have used it as 
outlined by Matas.'- = Consefiueiitl.v, clinical evidence is not sufficient 
to avarrant conclusions as to the success or failure of this method of 
treatment. ^ Although the accumulating evidence of a high degree of 
specificity in the strains of streptococci as related to their immune re- 
sponses suggests that this method of therapy at times may fail, in 
some specific eases it is advantageous in preventing the recurrence of 
acute attacks of b-mpliangiti.s'. A further clinical trial is indicated but 
it must be constantly kept in mind that the .sjiecificity of infecting or- 
ganisms in certain cases may lesiilt in failure of re.s])on.se. 

° Without explaning the rationale. Low and Dixon.-" yfcGolriek,"' 
and others treated cle])hantia.sis jiatients with intravenous injections of 
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have done s}'mpathectomy the results have been disappointing, because 
as soon as the patient begins to walk after the sympathectomy there is 
an increase in the size of the extremity. 

The majority of the recent operative procedures have been directed 
toward re-establishing a collateral lymph circulation, Avithout taking into 
account the etiology of the production of the condition. In the litera- 
ture there are numerous reports of workers^®'^^®’ ygi^g these pro- 
cedures and from them it is obvious that the only value of a surgical 
procedure is in the removal of considerable amount of tissue, thus de- 
creasing the size of a limb. In so doing, in many instances there has 
been a partial return of function in a previously irseless limb. How- 
ever, in almost all of the eases there has been some, if not considei’able, 
recuri'enee of edema as Avell as recurrence of acute lymphangitis. Most 
authors noAv feel that the only indication for operation is to remove or 
to restore the function of a limb, which, because of its size, is virtually 
useless. The operation is definitely contraindicated during the early 
stages of the disease. 

Very few authors have commented upon the reasons for failure of 
the various operative procedures. An obvious explanation presents it- 
self after a careful study of the anatomy of the lymphatic system, the 
infectious nature of the disease, and its pathogenesis. Keeping in mind 
the possible etiological factoi-s involved, it is apparent that, with the 
exception of those operations removing considerable tissue, none of the 
surgical procedures are designed to attack the etiological factors which 
may be present. As suggested, such operations as the Sistrunk^*® or the 
Auchincloss'®® modifications of the Koiidoleoii®^ procedure, or the re- 
cent operation of Maeey*®' in removing large areas of involved patho- 
logic tissue might possibly at the same time I’emove the source of rein- 
fection. This is in agreement with UnnaV® hypothesis that the disease 
is primarily one of streptococcal origin and i-ecniTences result from per- 
sistence in the tissues of streptococcus in the dormant state during re- 
missions. The recent Avoi'k on the etiology of this disease has estab- 
lished the fact that in many instances the recurrences result from an 


entirely new exposure to the streptococcus. The portal of enti’y may 
be purely a local one, sucli as seen in cases i-esulting from local wounds, 
open ulcers, etc., or it may result from a more distant focus of infection, 
the local raanifestatioirs being explained by tissue sensitivity. A case 
illustrating this has been obseiwed by one of us. This patient several 


years before the initial attack of erysipelas experienced a severe third 
degree burn of the right lower extremity which resulted in extensive 
cicatrization preventing the full extension of the knee. In. succeeding 
years the patient’s life was that of an active youth, participathm in 
high school and college athletics. The activities with constant strain 
on the scar tissue resulted in a chronic recurring nicer in the popliteal 

lie experienced 

us us ypical erysipelas attack which began above the maUeolar area 
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Auchincloss^=“ modified the Ivondoleon-Sistrunk procedure by removing 
considerably more diseased subcutaneous tissue. In 1940, Macey'^* 
reports his procedure of planting a full thicluiess graft on the deep 
fascia and resuturing the elephantoid skin over the graft. Two weeks 
later, the subcutaneous elephantoid tissue is excised and removed from 
over the graft. Preceding the report of Jlacey,^^' Gillies and Fraser’-^ 
outlined their plastic operation, which consists of bridging from the 
upper thigh to the abdomen by means of a fiat pedicle graft of skin and 
subcutaneous tissues obtained from the arm. Bj"- this method, they 
attempted to establish communication between the lymphatics of the leg 
and those of the trunk. 

Whereas blocking the sjunpathetie ganglia is of value in the treat- 
ment of edema associated with thrombophlebitis, both in the acute and 
in the chronic types, it is questionable whether it is of any value in 
eases of elephantiasis associated with recurrent erysipeloid infection. 
If, however, in a given ease there is evidence of vasoconstriction either 
during the acute stage or subsequent to it, as can be determined by 
novocain block of the lumbar sympathetic ganglia, it is likely that the 
edema can be beneficially affected by interruption of the sympathetic 
impulses. Because, as previously reported by Ochsner and DeBakey,^” 
vasoconstriction associated with thrombophlebitis favors the production 
of edema and the relief of the vasoconstriction beneficially affects the 


accumulation of the fluid; the production of edema in vasoconstriction 
is probably due to the increased permeability of the capillaries, which 
in tirrn is caused by a relative anoxia resulting from the severe arterio- 
lar spasm. Once the fluid which is rich in protein gets out of the vas- 
cular system into the perivascular spaces, it is difficult in cases with 
vasospasm for it to return to the vascular system, beeause the pump 
which is responsible for the movement of lymph, namely, arteriolar 


pulsation, is less effective. It has been shown by iMclMaster and Par- 
sons^- and Cressman and Blalock"^ that arteriolar pulsations are largely 
responsible for the movement of lymph. By overcoming the vasospasm, 
the edema is beneficially affected, first by preventing the anoxia of the 
capillaiy endothelium and overcoming its increased permeability and 
•event'in" the excessive exudation of fluid into the perivascular spaces 
lid also by favoring the movement of the lymphatic fluid by re-estab- 
r ^hiirn the normal arteriolar pulsations. Jae(iueryo‘==“ reimrts nine cases 
f lephantiasis in which sympathectomy was done. All of these were 
• ^ • 'cd with distinct diminution in the size of the extremity, disap- 

lesions and ulcers, and increase in temperature. However, 
peaiancc^^^ complete enough to warrant a final evaluation 

the ° ° Basset, llaguenau, and Gauthron'-' jierformed a peri- 

of the wui jjj case of lymphedema witliout a satisfactory 

arteria known at the present time tiiat periarterial sympatiicc- 

result. 1 ' ineffective in producing vasodilatation. Telford and 

toiny is in the cases of chronic lymphedema in which tlicy 
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which these foci can be I’esponsible for a recurrent lymphangitis. It 
is therefore obligatory for and the duty of the surgeon to search care- 
fully for any possible focus of chronic infection in cases of progressive 
lymphedema. These may be found in local ulcers or fissures in associated 
epidermophytosis, chronic recurrent ulcers in scar tissue, and in the 
upper respiratory tract, including the paranasal sinirses, tonsils, teeth, 
and pharynx. It is important that these foci be eradicated as they may 
serve as ports of entry for streptococci. 


SUMMARY 

The role of secondary pyogenic infection, particularly that of sti’ep- 
tocoecus, in the production of recurrent attaclrs of acute lymphangitis 
resulting in elephantiasis is discussed. Elephantiasis is the end result 
of recurrent erysipeloid lymphangitis, produced by pyogenic infections, 
usually the streptoeoccirs. Lymphedema is a predisposing factor for 
the pyogenic infection which causes the inflammatory reaction which is 
responsible for the ultimate fibromatosis. 

Recurrent febrile attacks accompanying the erysipeloid lymphangitis 
are charactei’istic. 

The treatment consists of prevention of the recurrent streptococcal" 
infections and the avoidance of edema by the use of posture and com- 
pression bandages. Prolonged use of polyvalent streptococcic antiserum 
may be of value in some eases. Removal of foci of infection is of para- 
mormt importance. 

Extirpation of diseased tissue is not justified until the infection has 
been eradicated. If appropriate conservative therapy is instituted early, 
surgical procedures usually can be avoided. 
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and extending proximally involved the lower third of the leg. During 
the next four or five 5'ears, his attaclcs recurred at indefinite intervals, 
which became shortened as time progTCssed. During each attack the 
wide separation of the popliteal ulcer and the erysipelas infection was 
clear cut. Approximately six years after the onset and after innunier- 
ahle recurrences of lymphangitis, a chronic recurrent ulcer in the pop- 
liteal area, as well as underlying scar tissue, was excised. A pedicle 
graft from the opposite thigh to the popliteal area was successful. Since 
this operation seven years ago, the patient has not experienced any 
fiTi’ther recurrences. It is obvious in this instance that stress upon 
the sear tissue in the popliteal area prevented the healing of the ulcer 
which, at a point some distance from the focus of infection, served as 
a portal of entry for the organisms responsible for the recurrent at- 
tacks of lymphangitis. Eemoval of this 23ortal of entry resulted in a 
seven-year cure, klulholland has similarly observed that in eases of re- 
current lymjDhangitis of the erysipeloid type with epidermophytosis 
the dorsum of the foot is seldom involved, indicating a skip area between 
the toes and the erysipelous reaction. This being so, it is apparent that 
the operative procedure cannot offer more than temporary relief unless 
the source of the inciting factor is at the same time eradicated. In 
those cases which are a result of local infection, all local lesions should 
be carefully removed. In eases in wdiich allergic phenomenon plays an 
important part, it is important not only to remove the foci of infection, 
but also to desensitize the involved area. 

A review of the many etiological factors, as well as of the nature 
of the disease, which is primarily one of lymphangitis w’ith secondary 
lymph stasis and edema, suggests that any operative procedure may be 
definitely harmful and is therefore contraindicated, if attempted before 
eradication of the inciting factors. If the source of infection persists 
after establishing collateral circulation of lymph, tlie recurrence of 
acute lymphangitis will only result in further extension of this inflam- 
matory process into i)reviously uninvolved channels. By so doing, 
deeper lymphatics are subjected to a pathologic process similar to that 
which produced the original condition. Therefore, an operation per- 
formed at this time not only opens new pathways for further extension 
of the disease, but at the same time by this extension of the disea.se 
f 1 to destroy the deei) lymphatics and thus precludes the po.ssibility 
oTa successful operation at a later date, once the etiology has been con- 
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HISTORY 


S INCE Luschka^ (1856) first directed attention to these rare tumors, 
which aiise from remnants of the fetal notochord, more than 160 of 
them have been reported in the literature. The tumors which attracted 
his attention were small jeltylike masses of tissue protruding intra- 
cranialiy from the base of the skull, apparently having arisen from the 
sloping surface between the sella turcica and foramen magnum (clivus 
bliimenbaehii) . 

Virchow, = a year later, attributed them to a degeneration of cartilage, 
and accordingly named them “ecchondrosis phj'saliphora. In 1858 
Jluller^ suggested their origin from the notochord, which he was able 
to trace eephalad to the sella turcica. Klebs* (1864) reported the first 
clinical case. It remained for RibberF (1894), however, to establish 
their origin from notochordal tissue and to give them the name of 
chordomas, tie punctured the intervertebral disks of rabbits and found 
that the resulting proliferation of the herniated nucleus pulposus closely 
resembled histologically that of chox’doma. In 1910 Peldraann“ reported 
the first chordoma arising from the sacral region, and in 1919 Potot- 
■schnig' reported the first ease with metastases. Many ease reports have 
been submitted since, and excellent reviews of the eases can be found 
in the noteworthy articles of Stewart,® who presented 26 eases in 1922; 
Coenen,® 68 cases in 1925 ; Stewart and ilorin,'® histologic criteria for 
diagnosis in 1926; IMachulko-Horbatzewitseh and Rochlin,^’ review of 35 
cases of sacrococcygeal chordomas in 1930, 103 cases in all; Owen, 
Iler-shey, and Gurdpan,^= review of 9 cervical ea.ses in 1932; Fletcher, 
V oUm an, and Adson,'® review of 75 cases of .saeroeocei-geal chordomas 
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in Jl)3:'); and i\lal)rcyd^ ooinprelieiisive study of 150 eases of cliordoma 
in 1935. About 20 eases Iiave been re|)orted sinee 1935, enlarging the 
scope of the subject and emphasizing various unusual features. 

During tlie past two years we liave observed a patient with a large 
ehordoina, apparently arising from the third lumbar veilebra. A review 
of the ease history is given below. 

CA.SK IIISTOUY 

Jtr. 0. .T., 5l!-yo!ir-ol(I white American, a Ijoukkeejier, entered tlie Stauford-L.iiie 
Hospital on Sept. It, 1937, complaining of lumbar back pain of tive years’ dura- 
tion. Tlie family and past liistorie.s threw no light upon the prc.^eiit illness, which 
began early in 1933 with the appearance of .sharp pain in tlie lumbar back, radiat- 
ing to the buttocks and upper thighs. X-rays a short time later (Fig. la) were 



Fig. 1. — Serial x-rays of lumbar spine in years indicated. 

negative. At first these pains occurred appro.ximately every two months, but they 
gradually increased in frequency and severity so that by May, 1934, a diagnosis 
of spinal cord tumor was made. Since then he had been treated with maximum 
x-ray therapy, casts and braces. The pain was somewhat relieved, but his legs 
iiad become progressively weaker with a concurrent feeling of numbness in the 
thio-hs leading to complete inability to walk in the few weeks prior to entry here. 
During the past few months he had noticed increasing constipation and nocturia 
to two times a night, and three weeks ago a firm mass appeared in the 
ri ht upper quadrant. He had lost 40 pounds in weight in the past two years. 

. The patient looked generally thin and sallow and showed evidence 

I te weight loss. The temperature, pulse, and blood pressure were normal, 
of ^ slightly distended, and the soft edge of the liver was just pal- 

The abdome costal margin. The entire right upper quadrant was occupied 

pable at t le ri^ . placed, stony hard mass which was immobile, nentender, 
by an immense, j^gneal in origin. No other masses were detected, and 

and mLhadenopathy was absent. A striking deformity was present in 

generalized lymp ia lumbar scoliosis and a projecting kyplios in the region 

the spine, which had a ri„ 





suncucRY 
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FIs. l.—See pase 410 for legend. 

Tile conclusion from intravenous urograms was “an 
ing the right kidney upward and outward.” rarenal tumor displac 

An aspiration biopsy was taken from the spinal ma<!a c- . 
pathologic report was as follows: • 25, 1937. The 
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absolute alcohol was injected into the fourth and fifth lumbar vertebrae just to 
the left of the cord, without relief of symptoms. He was dismissed on Nov. 13, 
1937, without much improvement. There was a draining sinus at his operative 
site. 

On Jan. 7, 1938, he re-entered the hospital. In the interim he had been con- 
fined to bed. The sinus continued to drain, and the leg weakness persisted. The leg 
pain was dull, aching, and particularly severe on the left, necessitating opiates for 
relief. No new symptoms had appeared, and he still had control over his bladder 
and bowels. 

E.xamination on this entry showed marked atrophy of both lower legs, especially 
of the quadriceps group on the left, absent deep reflexes bilaterally, no pathologic 
reflexes, diminished proprioception, especially on the left, and losses of epicritic 
sensation on the left without relation to the cord segment distribution. Checkup 
x-rays showed an increase in the destructive process involving the patient’s lumbar 
spine (Fig. 1/). The right half of the third lumbar vertebra had almost com- 
pletely disappeared, and only a thin shell remained on the opposite side. The 
left transverse process remained; the other vertebrae adjacent to this site show 
some increase in bone condensation, and this is probably the result of x-ray 
therapy. As a result of the disease process, the second and fourth lumbar vertebrae 
approach each other, obliterating the third lumbar intervertebral space. The fourth 
and fifth lumbar vertebrae have slipped forward a few millimeters. 

The patient was placed in a body cast which was bivalved and to which buckles 

were applied. He was dismissed on Jan. 16, 1938, wearing the body cast while 

upright, and removing it when lying down. He felt quite well and was encouraged 
by his condition. 

Mr. 0. J. was next seen on July 16, 1939. In the intervening nineteen months 
1)6 had been completely bedridden. Very little change had occurred in his symp- 
tomatology or the outcome of physical examination. The pains in the legs per- 
sisted and were, if anything, a little less than before. This pain necessitated from 

2 to 3 gr. of morphia daily. He had retained control over his bladder and bowels. 
There was marked atrophy of both lower extremities. The only paralysis present 
was that of the left quadriceps group. No anesthesia was present, either in the 
sacrum or in the lower extremities. Tho operative incision was well healed. The 
tumor had increased tremendously in size. The entire lumbar region was filled 
witli a large, irregular, lobulated mass about 10 by 20 cm. in size. It extended 
up onto the right lower ribs, and downward into the sacrococcygeal region which 
also wiis distorted by a roughly circular, midline, 10 cm. mass with exuberant 
fungation and ulceration in its central 5 cm. The liver and spleen were not pal- 
pable. Deep in the right lower quadrant a large, irregular, nodular mass could 
be detected, corresponding to the visible external tumor. 

No clinical evidence of metastases could be discerned, and a complete skeletal 
s\)rvey demonstrated only a generalized osteoporosis undoubtedlv due to prolono-ed 
bed rest (Pig. Ip). * “ 




Witljiii tile .second week of embryonic life a groove ;ippear.s on its 
long axis. The iuteral wails of this groove expand dor.sal and medud- 
ward to coale.see, thus forming the neural tube (Fig. 4). Just tinder 
this eamil the arelienterie entoderm arcbe.s upward and becomes pinched 
oft to form another tuhe, the notoehordul canal. Later tlie Iniiien of 

bf 3T' “ 

‘ 1 the archenteron, extending tlirouglioiit tlie entire 
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with a ruJio-kuifu, mut rutaietuil. ’l'h« lurgtr ^lortioiv of tl\e' tumor wiw thereby 
oxposc'il. It wii.*!, roujjlily, S <;in. in diaiiiuter, wuIl-oiieiH)aul!Ueil, und extended not 
only upward into tiie erector spinae muscles, but also had eroded the laminae of 
the second and third lumbar vertebrae. The tumor was mobilized extracapsularly 
as much as possible by careful dissection. However, complete mobilization was 
not feasible, for, on rellectinj' the tumor to the right, the dura of the second and 
tliird lumbar vertebrae was found e.vposed, the nerve roots of the second and 
third lumbar vertebrae traver.sed the tumor, and a large portion of the tumor 
extended anterior to the vertebral bodies. Accordingly, the capsule of the tumor 
was incised, and the soft, jellylike, gros.sly nodular and trabeculated, grayish-red 
tumor was removed piecemeal with a uterine enretto. When as mucli as possible 
of the tumor hud been removed, the wound was closed in layer.s, catgut being 
used tliroughout. 



n Microscopic section sliowiuff characteristic vacuolated, mucin-containing cells, 

^ "■ extracellular mucus, and lobular arrangement of the tumor cells. 



j-ig. 3 . — Gross specimen of tumor. 


'*• 1 the patient ran a rather stormy course. The wound became 
Postoperative ^ welchii. It drained considerably, but under 

infected with it gradually decreased in size and granulated in. 

treatment ' with slightly benefited. On November 11, 0.8 c.c. of 

gyniptoniatically i0 ''t 
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below. The body of each vertebra necessarily contains the embryonie 
notoebord (Pig. 6). In the adult traces of the notochord can be found 
only in the nucleus pulposus in the intervertebral discs. The pediehs 
and lamina of the vertebrae are fonned by doi'sal extensions of the bodj 
over the neural tube. The various ligaments of the vertebral eolunvu 
differentiate from the mesenelnTue surrounding the vertebiae. 


edaUnTi/73 . 


Thicrq d/ler OsMan 

SchccDitic Digram cf Vertebral Dcuclopmcnt 
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6. (From Keyes and Compere: J. Bone & Joint Surg. 30: SOS. 193-1 



— - . . V, n.atlent (July. 1039). Rounded masses of tumor 

arc^vThbio the^fght Mck*and loln.'^protnidSng under the skin. The operative scar 
irviVme'.*' There is^a^n ulcfr over the 

posterior to the right great trorhanter co\t.rs a pressure, .ore. 


It is of particular interest, in view of the oiigin of some chordomas 
from the dens of the cpi.stropheu.s, to review the embryologic develop- 
ment of the atlas and axis. When the atlas is forming, its body fuses 
with tiiat of the axis and heeonie.s the dens ol the latter, leaving the 
atlas shaped like a ring. The embryonie notochord, therefore, runs right 
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Some of the larger tumors involved two regions. Attachment to the 
bone was the rule, but not a constant finding, and bone destruction is 
characteristic. 

Table II 


Mabbet (1935) 


cranial: 

Clivus 

29) 


Occipital bone 

2 


Hypophyseal 


>- 49 

Nasopharyngeal 

10 

1 

Alveolar 

2I 


VERTEBEAL: 

Cervical 

7) 


Thoracic 

2 ■ 

1 14 

Lumbar 

5j 

I 

SACROCOCCYGEAL : 

Anteaacral 

41- 

1 

Eetrosacral 

29 

y 87 

Central 

17. 

r 

150 


GROSS PATHOLOGY 


Two gross types of patliology are worthy of separate consideration: 
(1) the ecchondrosis physaliphora, and (2) tlie true chordomas. 

Ecchondrosis Physaliphora . — These are small, soft, jellylike non- 
iieqplastic masses attached by a pedicle to the dorsum sellae. Since they 
are asymptomatic and have been reported as an autopsy finding 
(Ribbert, 2 per cent), they have no clinical significance. 

Chordomas. — These are truly neoplastic. The consistenc}’’ varies, but 
they are usually soft, jellylike, translucent, and milky-white, grayish, 
or pink in color, depending upon the vascularity and the amount of 
hemorrhage. The surface is smooth, but gross nodularity is present. 
They are well encapsulated, and the cut surface shoivs fibi’ous trabeculae 
producing the gross nodularity and lobulation. Each lobule is semi- 
tianspai'ent, grayish to red, depending upon the vascularity and 
emorrhagic foci. The moi’e mucinous the character of the tumor, the 
Jooie benign it is. The malignant ones are opaque, w'ith little mucin. 

ess common features are large amounts of cheesy necrosis and jellv- 
like cystic masses. 

The cranial chordomas may grow up intraeranially or down into the 
ttasopharjnix through the craniopharyngeal foramina. Bone destruction 
s usually present. The sacrococcygeal chordomas may invade the pelvic 
Hise es or the rectum, thereby simulating very closely rectal colloid 
paicmoma. They are usually locally destructive and recurring. ^Yide- 
,-Q ™etastases are not infrequent in the sacrococcygeal group (over 
^^ctastasis to the dorsal spine has been reported from one 
se of intracranial chordoma. 
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through tlic dens and tlie apical odontoid ligament to reach tlie base of 
the occipital bone. 

Ihe sacral and coccygeal vertebrae represent t 3 'pcs with reduced 
vertebral arches, and, consequently, the notochordal remains lie in 
their centers. 

Some notochordal cells must of necessity remain in the centers of 
the vertebral bodies. 

ANATOMIC LOCATION 

Chordomas are true neopla.snis of the notocliord. Some believe these 
tumors arise from the nucleus pulposus, while others maintain as 
strongly that tiieir origin is from the cliordal rests within the bodies 
of the vertebrae, or from isolated aberrant foei of chordal cells on the 
anterior or posterior surfaces of the vertebrae. Anatomically, the tumor 
seems to arise within, or adjacent to, tiie vertebral bodies, and not from 
the intervertebral discs. Not infrequently the tumors are not attached 
to the spine, although bone destruction is an almost constant finding. 

CLASSmCATION AND DISTRIBUTION 

Chordomas may arise anywhere in the course of tlie notochord, but 
thej’’ are most frequently found at the sphenooccipital and sacrococcygeal 
regions. In the 103 cases of ifachulko-Horbatzewitsch and Eoehlin 
(Table I) the cranial and caudal eases were of approximately equal 

Table I 

JlACIIULKO-HOnBATZEWITSCII AND BOCHLIN (1929) 


cbanial : 
Clivus 


benign 

21') 

malignant 

IS 

Hypophyseal 

1 

Nasopharyngeal 

5 - 

Dens 

1 

Jaw 

2 

Occipital 

IJ 


vertebral: 

Cervical, thoracic, lumbar 


c.mD.AL: 

Central 

Peripheral 

retrosacral 

antesacral 

bony- 

intestinal 


S 

34 


it 

42j' 


32 


46 


103 


•• nee- in the later series of 150 eases by iilabrey (Table II), 
occuiie tumors occurred twice as frequently as those of the 

sacroco ° Tpo-inn. These tAvo classifications are shown in Table H. 

siihenooeeipitai 
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Some of the larger tumors involved two regions. Attacliment to the 
bone was the rule, but not a constant finding, and bone destruction is 
characteristic. 


Tabus II 


Mabeev (1935) 


CRANIAL: 


Clivus 

29'! 

Occipital hone 

2 

Hypophyseal 

6 

Nasopharyngeal 

10 

Alveolar 

2'* 

VERTEBaAI,: 

Cervical 


Thoracic 

2 

Lumbar 

5j 

SACROCOCCYGEAL: 

Antesacral 

41 

Retrosacral 

29 

Central 

17 


GROSS PATHOLOGY 


Two gross types of pathology are worthy of separate consideration: 
(1) the ecchondrosis physaliphora, and (2) the true chordomas. 

Ecckondrosis Physaliphora . — These are small, soft, jellylike non- 
neojplastie masses attached by a pedicle to the dorsum sellae. Since thej’^ 
are asymptomatic and have been I'eported as an autopsy finding 
(Ribbert, 2 per cent), they have no clinical significance. 

Chordotnas . — These are truly neoplastic. The consistency varies, but 
they are usually soft, jellylike, translucent, and millcj’-white, grayish, 
or pink in color, depending upon the vascularity and the amount of 
hemorrhage. The surface is smooth, but gross nodularity is present. 
They are well encapsulated, and the cut surface shows fibrous trabeculae 
pi’oducing the gross nodularity and lobulation. Each lobule is semi- 
transparent, grayish to red, depending upon the vascularity and 
hemorrhagic foci. The more mucinous the character of the tumor, the 
more benign it is. The malignant ones are opaque, with little mucin. 


necrosis and jelly- 


Less common features are large amounts of cheesy 
like cystic masses. 

The cranial chordomas may grow up intraeranially or down into the 
nasopharjmx thi'ough the craniopharyngeal foramina. Bone destruction 
is usually present. The sacrococcj'geal chordomas may invade the pelvic 
muscles or the rectum, thereby simulating veiy closely rectal colloid 
carcinoma. They are usually locally destnictive and recurring. "Wide- 
sproad metastases are not infrequent in the sacrococcygeal group (over 
aO per cent), iletastasis to the dorsal spine has been reported from one 
case of intracranial chordoma. 
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Hio tumoi’s limy roacli an enormous size, tiie largest one reported 
being 20 by 30 cm. 

HISTOLOGY 

Early in the history of chordomas these tumors were confused 
histologically with colloid carcinomas, mucoid or signet ring carcinomas, 
myeloblastomas, chondromas, and spindle-cell sarcomas. The histology 
is, however, specific. 

The essential histologic features ai’O: (1) intra- and extracellular 
mucus; (2) vacuolization of the cellular elements; and (3) lobular 
arrangements of the tumor cells which usually grow in cords (Fig- 2). 

Microscopically, the tumor is seen to be composed of islands of 
parenehyme separated by strands of connective tissue. Many of the 
islands are richly cellular, consisting of closely packed cells of an 
epithelial type. The cells of some of the lobules, however, are vacuolated 
due to the presence in their cytoplasm, and not infrerpiently in their 
nuclei, of mucin. The amount of mucin contained in the cells varies 
considerably, and hence, then, the marked variation in their size and 
shape. Extracellular collections of mucus are also visible to a varying 
extent, some lobules consisting almost entirely of this structureless 
material. 

AGE AND SEX INCIDENCE 

Affe . — Chordomas have been found in all age groups from a 7-montli 
fetus to an 82-year-old person. The majority of the sphenooccipital 
chordomas are recognized between the third and fourth decades, while 
most of the sacrococcygeal chordomas have occurred between the fifth 
and sixth decades. The average age occurrence of 150 cases of Mabrey 
was; 



MALES 

FEMALES 


Splienooccipital 

40 

40 


Sacrococcygeal 

50.5 

43.2 



The average duration of symptoms before seeking medical advice in the 
two groups was approximately thirty-eight months each. The delayed 
appearance of chordomas is unexplained. 

Sex.—^ 


SACROCOCCYGEAL SPHENOOCCIPITAL TOTAL 


Males 

I’emales 

5S 

27 

26 

17 

84 

44 

Not stated 

1 

3 



SO 

46 

132 


Snhenooccipital chordomas occur with approximately equal frequency 
• n +V, sexes- sacrococcygeal chordomas occur roughly twice as fre- 
enW in the male as the female, suggesting the possible role of trauma. 

•Table from Mabrey. 
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SYMPTOMS 

General. — Tlie sjanptomatology varies with the region atfeeted and 
is the direct result of mechanical pressure. 

Cranial Chordomas. — The most common clinical symptoms of intra- 
cranial chordomas are pain, visual disturbances, multiple nerve palsies, 
dizziness, tinnitus, speech difficulty, and tlie s3’^mptoms of intracranial 
pressure — headache, nausea, and vomiting. Choked disks are not fre- 
quent, and pituitary disorders are rare considering the location of these 
tumors. The tumor usuallj’' remains within the cranium, but not 
uncommonly it maj’' grow into the nasophaiynx, producing difficultj'' in 
breathing. 

Cervical Chordomas. — About twelve to fourteen cases of cervical 
chordoma have been reported, these tumors arising from the dens, 
intervertebral disks, or vertebral bodies. Thej’^ grow in the pharynx or 
into the lateral aspects of the neck, producing spinal cord pressure with 
radicular pains, palsies, and muscle atrophies. All cases reported were 
diagnosed preoperatively as tuberculosis of the cervical spine. 

Thoracic and Lumbar Chordomas. — These chordomas produce 
symptoms of localized bone involvement and evidences of spinal cord 
compression. Nothing diagnostic is present. Tuberculosis or metastatic 
neoplasm is the usual clinical diagnosis before biopsy. The spinal fluid 
may be xanthochromic. 

Sacrococcygeal Chordomas. — Pain is the most common sjmiptom, and 
its type and severity vary from a dull ache to sciatica or radicular 
pains, depending upon the relation of the tumor to the spinal cord and 
nerve roots. Pain antedates the visible external mass in about 50 per 
cent of the eases. The tumor mass is almost invariablj^ found either 
by palpation of the sacrococcj^geal region or bj' rectal examination. 
Skin ulceration is uncommon. The antesacral type may invade the 
perineal tissues, leading to genitourinary diffieulties, such as dysuria, 
fi’equeney, burning, urgency, nocturia, and dribbling; or the rectum, 
resulting in constipation, rectal tumor, hemorrhoids, rectal bleeding, 
sphincteric disorders, and, occasionally, ulceration of the rectal mucosa. 
Symptoms of cord pressure are also evident, and in this group 
metastases maj’' be present. 


DIAGNOSIS 

The differential diagnosis includes: intracranial neoplasms, vertebral 
tuberculosis, metastatic neoplasm, giant-cell tumor, hemangioma, colloid 
caieinoma of the rectum, osteoma, chondroma, and chondrosarcoma. 

The histo^^ and the clinical and x-ray examinations are not patho"- 
nomonic. lopsy is necessary to positive diagnosis, and the con- 
sis 1.1103 0 le tumor permits biopsy b3- aspiration. 
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PROGNOSIS 

Cranial . — The average duration of tlie disease from tiie onset of 
symptoms is from twenty-nine (jMabroy) to tliirty-four months (Stewart 
and Slorin). Some patients have died in four months; tlie longest ease 
reported was tliat of a patient avIio had symptoms for over eighteen 
years prior to death. 

Vertebral . — The average lengtli of life after onset of symptoms Avas 
seventeen and one-half months. 

Sacrococcygeal . — Tlie average duration of life after the onset of 
symjitoms was from six and one-half to seven and one-half years. 


DUKATION 01-' LIFE 

FKOM ONSET OF SYJIPTOMS 

Cranial 

2V> to 3i/> years 

Vertebral 

lyC to 2 years 

• Sacrococcygeal 

Gi/A to 7i/{. j'cars 


TREATJIENT 

The best form of treatment is local excision of the tumor as a 
palliative measure, combined with maximum doses of high voltage x-ray. 
Earely can complete excision of the tumor be effected. Local recurrence 
is the rule, usually in from seventeen to twenty months. The operative 
mortality in fifty-nine cases in Mabrey’s series was about 30 per cent. 
The best surgery offers is the alleviation of pain, retardation of the 
growth, and control of- neurologic symptoms. Irradiation alone offers 
less. Bare eases of complete surgical cure have been reported. 


SUaiJIARY 

The history, origin, pathologj^ and clinical facts regarding chordomas 
are reviewed. An interesting case of this rare tumor is presented. The 
progressive and extensive bone destruction produced by this tumor is 
weU shown in the series of x-ray studies. Its consistency permits biopsy 
by aspiration. The amount of nerve involvement is minimal for the size 
and location of the tumor. 
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VARIATIONS IN ORIGIN AND COURSE OP THE HEPATIC 
ARTERY AND ITS BRANCHES 

Ina^oKTANCE From Surgical Viewpoint 

B. ZoLLicoFFER Browne, B.A., ]M.D., New Orleans, La. 

(hrom the Department of Gross Anatomy, Tutane University Medical School) 

T N^ 1935, after clisseotiii'j the root structures in 60 cadavers, I wrote an 
* article ou the right hepatic artery.^ Since that time, the study of 
dissected specimens has been continued until the total of 280 has been 
reached, a series which is used as a basis for the present article on the 
entire hepatic artery. 

This large number (the largest yet used in medical literature) should 
give a fair representation of what to expect in actual practice, for the 
general rule is always applicable that the larger the sample the more 
reliable are the conclusions that may be drawn regarding the entire 
human race. 

This article will be a study in both anatomy and surgery, as it prop- 
erly should be, for is not surgery, in the most part, really applied 
anatomy. 

DEFINITION OF TERMS 


The term, common hepatic artery, denotes the hepatic artery from the 
origin of this vessel until it divides into its terminal right and left 
branches. It should be realized, however, that some textbooks consider 
the common hepatic as stopping when the artery enters the gastrohepatic 
omentum and call the trunlc running in the omentum by the name of 
hepatic proper (or propria). 

By the term normal common hepatic is meant an artery arising from 
the celiac axis and supplying both lobes of the liver. 

By replacing common hepatic is meant a hepatic artery, supplying 
both lobes of the liver, but arising from another source than the celiac 


axis. 

By accessory common hepatic is meant an additional hepatic artery 
(one or more) supplying both lobes of tlie liver in addition to a normal 
common hepatic. The origin of this accessory branch may also be from 


^^^B^absence of the common hepatic is meant that the right and left 
lobes are supplied separately by separate arteries. In this case the 
to the right lobe would be a replacing right hepatic and the one 
left lobe"" a replacing left hepatic. No common hepatic trunk 


mr^^tPrms normal, replacing, accessory, and absent are also used in 
f 4 . 1 , p 1, ranches of the common hepatic artery, wherever 
the discussion oi uw o 

their use is feasible. 

hiipition October 26. 1939. 
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By common, hepatic duct is meant the extrahepatic bile passage from 
the union of the right and left hepatic ducts to the point of union with 
the cystic duct. The ductus choledochus (common bile duct) extends 
from this point to the ampulla of Vater in the descending portion of the 
duodenum. 

The use of other terms and extent of structures referred to will be 
readilj'' apparent. 

COMMON HEPATIC ARTERY 

A. Normal . — In the present series of 280 cases the common hepatic 
originates in a normal way in 260 eases (92.8 per cent). This number 
compares with the series of other investigators as shown in Table I. 


Table I 


AUTHOK 

CASES EXAMINED 

frequency 

percentage 

Adacliia 

252 

224 

83.3 

Brewer^ 

50 

40 

92.0 

Branco'i 

50 

46 

92.0 

JlescompsS 

50 

50 

100.0 

Koainskifl 

55 

48 

87.0 

Leriche and Villemm^ 

55 

52 

94.5 

Lipschutzs 

83 

70 

84.3 

Rossi and Cova** 

102 

92 

90.2 

Suslofflio 

131 

125 

95.4 

Thompson^ 

50 

44 

88.0 

Browne 

280 

260 

92.8 


Two hundred and two of these arteries had long trunks and divided 
into right and left terminal branches about 1.5 cm. from the porta 
hepatis. These are the so-called classic type vessels of Branco.-* The 
other 58 had short trunks and divided into terminal branches at the 
point where the gastroduodenal branch is given off. These short vessels 
are the so-called en bouquet type of Branco, ■* as they appear to terminate 
in a bunch. Some authors class this as low bifurcation of the vessel, but 
it is really a trifurcation, composed of the two right and left branches 
and the gastroduodenal branch. 

Ten of the trunks of the long (classic) type had abnormal courses, 
sufficient to warrant special description. One passed posterior to the 
portal vein (Specimen 88, Pig, 1). This seems to be a very unusual 
relationship for a common hepatic (celiac origin), Branco* found it 
present in 1 ease; Thompson** observed it in 2 cases, and Rossi and 
Cova® in 4 cases. 


One passed behind the common bile duct (ductus choledochus) (Speci- 
men 109, Pig. 1). review of 1,700 cases collected from the literature 
reveals this ease to be tlie only example in a common hepatic of celiac 
origin. Bight coursed in front of the common bile duct. Thompson** 
observed this in 1 case. The ves.sol coursed on the right side of the com- 
mon duc-t m 1 case (Specimen 109, Pig. 1) and is apparently the only 
ca.se of tins type recorded in the literature. In five specimcnsHie artery 
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was I'ohikI to pass ventral to the common hepatic duct (Specimen 270, 
Fig. 2) . Thompson'^ found this in 2 of 50 cases. 

Tlie artery coursed in front of tlie cystic duct in Specimen 28. This 
is also the only ease recorded of this relationship and is very important 
from a surgical viewpoint because of the liability of injury to the large 
vessel in securing this duct. 



TJnrmal common hepatic artery passing posterior to the 

Sf .s-‘-s'SSc‘5«|.rs s.au"; & sr.;x.“r,g s;s .s 
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was i’oiind to pass ventral to the coninioii hepatic duct (Specimen 270, 
Pig. 2) . Tliompson’^ found this hr 2 of 50 cases. 

The artery coursed in front of the cystic duct in Specimen 28. This 
is al.so the only case recorded of this relationship and is very important 
from a surgical viewpoint because of the liability of injury to the large 
vessel in securing this duct. 



vr..riiiil common hepatic artery passing posterior to tiio 
1 j Specimen SS. front of the common hepatic duct. B. 

' Tim cystic nrteo the common bile duct, then on its right and 

portal The artery passes u 

Specimen 108. 
ventral aspects. 
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E. Two Accessory . — Tliis was not observed in my series of 280 speci- 
mens nor in those of other investigators. Some cases are mentioned in 
the literature of three hepatic arteries, but these cannot be classed as 
being definitely common hepatic vessels, so they are not considered 
under this heading. For instance, SegalP^ and Belou^^ in their work 
mth infusion methods show a few eases in which a moderate amount of 
fluid passes to the liver more or less indirectly from minute branches of 
the inferior phrenic and superior mesenteric. 


GASTRODUODENAL ARTERY 

From the studies of Vesale,^'* a pioneer investigator, the conclusion 
was drawn that the gastroduodenal artery arose from the common 
hepatic artery in three separate stems. Winslow^® and Haller^® were the 
first to state that these three stems were branches of one gastroduodenal 
trnnk which most often arose from the hepatic artery. 

A. Normal . — In the present series of 280 cases the gastroduodenal 
artery arose normally in 220 (81.4 per cent) specimens. Fifty-eight 
(26.3 per cent) of these came off a short common hepatic trunk {en 
iouquet type) as one of the terminal branches, and 170 (77.2 per cent) 
came off a long trunk (classical type) as a first branch. These percent- 
ages of origin compare favorably with the findings of other investigators, 
which ranged between 80 and 96 per cent. 

Sixty-two (27.6 per cent) of the vessels had an anterior relationship 
to the common bile duct in their entire course. This is an important 
relationship from the surgical point of view, especially during choledo- 
ehotomy. Eisendrath^^ found it present in 20 per cent of his cases and 
calls attention to its surgical importance. An exceptionally high inci- 
dence was reported by Thompson,^^ who found in the 40 cases of normal- 
ly arising gastroduodenal vessels that 26 (65 per cent) coursed ventral 
to the common duct. His findings, however, emphasize the importance, 
already stated, of looking for this relationship in choledochotomy. 

B. One Replacing . — This was present in 44 specimens and originated 
from the various vessels (Table II). 


Table II 


SOURCE 

FREQUENCY 

PERCENTAGE 

OF replacings 

PERCENTAGE 

OF WHOLE 

Left hepatic 

Right hepatic 

Celiac (separately) 
Replacing conmion hepatic 
Replacing right hepatic 
Replacing left hepatic 

2 

23 

1 

4 

2 

12 

4.54 

52.2 

2.2 

9.1 

4.54 

27.3 

0.7 

5.2 

0.35 

1.4 

0.7 

4.2 


As coinpared with this, AdachF found 32 eases in 252 specimens- 
Brewer ® / cases ni oO ; and Thompson - also 7 cases in 50. 

„ MO common bile duct 

and 12 cour.sed m front of this duct. ^ 
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D, One Accessonj . — This condition occurred in only 1 case (0.36 per 
cent) (Specimen 63, Fig. 3). Prom a perusal of the literature this con- 
dition also seems cjuite rare. Brewer’s Specimen 6 should be included 
in this class, making 2 recorded specimens in 1,700 subjects. 



a. 



„ accessory common hepatic artei>- from the .superior 

Speoi'"®" imnn B Specimen 1ST. Two replacing cj-atlc arterlea 
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Branco,'* a contemporary of Wilkie,-* states: “There are two or three 
small branches which the gastrodnodenal often supplies, quite near its 
origin. ' They go to the first portion of the duodenum on the superior 
border. They can ox’iginate from the proper hepatic (common) or from 
one of the terminal branches.” 

Plint*" (1918) speaks interestingly of tliis vessel “which crosses the 
front of the supraduodenal portion of this duct (eholedochus). Sui’- 
geons know it well and I was curious, therefore, to discover its source. 
I am unable to give the frequency of its existence, as I did not begin 
to look for it from the first, but I found it quite often.” It was his 
surgical experience that it often caused annoying hemorrhage in opening 
the common duct. 

Eisendrath** (1918) is also evidently referring to this artery when 
he speaks of an “anomalous” branch of the gastroduodenal which he 
found in one of his specimens. 

In my series of 280 specimens the artery was present in 56 (20 per 
cent) instances (Specimens 51 and 166, Pigs. 5 and 6) . 

The source, frequency, and pex-eentage of these vessels are shown in 
Table III. 

Table III 


SOURCE 

FREQUENCY 

PERCENTAGE 

Gastroduodeaal 

33 

59.0 

Eight gastric 

8 

11.3 

Bight liepatic 

5 

9.0 

Common hepatic 

3 

5.4 

Accessory rigiit liepatie 

1 

1.8 

Superior pancreaticoduodenal 

6 

10.8 


Twenty-five of the 56 vessels ran definitely anterior to the common 
bile duct, then entered the wall of the first portion of the duodenum and 
also supplied the lower extreme right end of the hepatoduodenal liga- 
ment. In the other eases (31 instances) the vessel began to terminate in 
the bowel wail before this anterior relationslxip was reached. In a few 
instances small branches were noted passing across the pyloric valve of 
the stomach. I agree with Thompson” that the artery has not received 
its due meed of esteem and feel that more mention of it should be made in 
textbooks of anatomy and surgery. It will be interesting to note what 
the future brings to light on this subject. 


RIGHT G^VSTBIC ARTERY 

Tliis vessel was first described by Vesale” and called bj^ him the 
py orie. It remained for Winslow” and Haller” to make a much more 
exact cseription, both as to origin and oourse. It was called by tliem 
toiouavia dextra minor.” Later investigatoi-s began calling it by the 
a ne o light gastric and this is the name most used today. 

. iYonmd.— lu the average textbook of anatomy this arteiw is de 
•senhed as hrauehing from the common hepatic (after the laSr 
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gorics was ‘'■®' ‘'™ “•«■ 

case the regions normally supplied 

superior mesenteric, and collaterals . f f ^"‘^^^^wodenal, from the 
been the reason Vesale^^ conceived his I ^>‘->''6 

arising separately in three trunks. ^ giastroduodenal as 

^ aVRTERY 

■during tile beginning of this r . 

vessel supplying tlie first part of tZ’ was observed a 

origin in the gastroduodenal arterv and n„ "™'’ 
duodenal portion of the con.nZTLTLT7! 
was made m any of the anatomv tevtl^. i 

references to it were found in the loiS of v' ^^though some 

a more definite description of it is o-iv ^.^'®f"dratlP^ and Flint, “ and 
TJioinpson.il die works of Wilkie^' and 

higher level Lan the nlidpISt/the t 
states: “This vessel I venti I !lff 

ascertain its origin he inieeted v-. •• ^ supraduodenal artery.” To 

40 fresh autopsy specimens with a” dxtniT!!^ f abdomen in 

though he found the source of orio'in vn ■ n ' vermilion and, 
from the gastroduodenal. But “whatevef 

divides into several branches One nf th * origin, the artery soon 
«.e g.s.,„h3„a«e om.^tut” ,.w “ff ' ™“«P -<» 

wall of the duodenum, one or more s,l l "'^*^dor 

part of the posterior wall (of duodenum) . ” ^ 

Of especial interest to the surgeon is ttip pEc- 
that damage to this vessel usually results in the dUe'l “ ^^'“de=i makes 
ulcer in the area supplied by the arteiy. development of duodenal 

Thompson,” writing twenty-two years I-itP,. tn.,,, • 

vessel in 14 per cent of his 50 specimens and used the to’"' 

rp::..'.rcc'ii"i,: Lr::;atL?r ? 

Brewer," 


w 


./riting eleven years before Wilkie =■ ev.V7o,nti, 

seen this artery, as hesaj's: “Well-developed branches, capabiroymvhm 
rise to annoying hemorrhage, were found arising from the -astrodno" 

denalis and accompanying the common duet for a v-ffinum n 4 
, -vT* .c +1 1 « ^ vciiiaoie aistaiiee in 

eleven cases. Nine of these vessels were of considerable size and "ave 

branches to the gall bladder, to the liver, or both.” a fair dcscrintion 
of the vessel is thus given, but he gave it no name. * ^ 
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cited left umbilical vein and was posterior to the left hepatic duct. In 
none of my specimens was the arteiy found dorsal to the portal vein. 
Thompson^^ is the only one reporting such a relationship. 



iS, 

Fljc. 1, — A, Specimen 37 . Thi> !..#-► i w - .1 
hepatic artery from the left i*-’'*! "'“f sujjphed by a replaciriir left 

celiac. B, Specimen 133. Jenf’M hepatic ia directly from the 

hepatic. '>=P‘acinB riBht gastric arteries, springimr frL, Vl," .vl? 
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has entered the lower portion of the hepatoduodenal ligament) on the 
distal side of the origin of the gastroduodenal branch. 

In the present series of 280 specimens the right gastric originated 
from the common hepatic artery in only 118 (42.2 per cent). Thus, the 
so-called “normal” origin is found to be erroneous. 

Twenty-five of these normal vessels coursed ventral to the trunk of the 
gastroduodenal artery, and 22 had an anterior relationship to the com- 
mon hepatic artery. Only 1 was ventral to the common bile duet (Speci- 
men 270, Fig. 2). 

B. One Replacing . — This was found to be more common than the so- 
called normal type; as it occurred in 126 (45 per cent) of 280. The most 
frequent source of origin of this vessel was the gastroduodenal and the 
next most frequent was the left hepatic arteiy, these two constituting 
over four-fifths of the total. 

Five vessels coursed anterior to the common bile duct; 14 ran ventral 
to the gastroduodenal artery, and 26 pursued a course anterior to the 
common hepatic artery. 

Adachi- found 69 cases of a one replacing right gastric artery in 191 
specimens; Brewer,^ 11 in 50; Descomps,“ 54 in 124; Leriche and 
Villemin," 2 in 55; Eossi and Cova,** 46 in 101; Yabuki,^'^ 12 in 32; 
Lipschutz,® 28 in 83; Thompson,” 12 cases in 50 subjects studied. 

0. Tiuo Replacings . — This condition was present in 4 cases (1.43 per 
cent). Fig. 4 (Specimen 133) shows both vessels coursing from the 
left hepatic artery. Branco^ is the only other investigator who found 
vessels of this type. In his 1 case, one vessel sprang from the left hepatic 
artery and the other from the right hepatic. 

D. One Accessory. — Brewer® and Lipschutz® report cases belonging to 
this category. This was present in 4 (1.43 per cent) of my series. 

E. Absent . — This occurred in 28 (10 per cent) of 280 cases studied. 
It is possible that the vessel may have been present in some of these cases 
and overlooked. However, if it were, the artery was so small that it 
could be classed as negligible anyway. This condition was also found 
fairly frequently in the works of others. Thonipson,^^ for instance, cites 
an incidenee as high as 34 per cent and Brewer,® one of 24 per cent. This 
information may be of value to those performing gastrectomies. 


LEFT HEPATIC AKTERY 


was 


A Normal.— In this series of 280 specimens, the left liepatie >.u. 
found arising from the normal common hepatic only 188 times (66.7 per 
t'l Most of the other investigators in this field report figures well 
' on oPTit- thus a considerable variation from the usual descrip- 

■ found as far as the origin was concerned. 

tion was > .^,ggggi coursed anterior to the common hepatic duct, 

ThSLce it passed posterior to this duct. In 4 cases the vessel 
and in r vight hepatic arteiy, due to the tortuous course of 

passed anteiioi j^st°before entering the liver it uniformly had an 

this latter vesse . branch of the portal vein and the ohliter- 

inferior relationship to the 
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Numerous cases of abnormal coui^ie were found present in my series. 
Two passed behind the portal vein in a most unusual relationship (Speci- 
men 266, Pig. 6). Six coursed anterior to the common bile duet (Speci- 
men 166, Fig. 6), and 55 passed anterior to the common hepatic duct. 
In 4 cases the artery was found anterior to the cystic duct and in 15 it 
passed posteriorly. In 44 it closelj’- paralleled this duct to the neck of 
the gall bladder, before turning upward or backward to the right lobe of 
the liver (Specimen 176, Fig. 7). This relationship is very important 
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B. One Replacing . — This oeeurred in 19 specimens (6.8 per cent). 
In 12 instances the anomalous vessel sprang from the celiac separately. 
In 1 case it came directly from the aorta; in 2 it originated from the 
aorta by means of a replacing common hepatic artery ; in 3 it came from 
the superior mesenteric by means of a replacing common hepatic; and in 
1 it originated from the left gastric artery (Specimen 37, Fig. 4). 

One vessel coursed posterior to the bile ducts, and one passed in front 
of the common hepatic duct. Three coursed in the left portion of the 
lesser omentum, the portion known as the gastrohepatic ligament. 

0. One Accessory . — Consistent with the method of classification used, 
71 (25.3 per cent) accessory left hepatic arteries were found. 

The source of origin of this accessory vessel was found to be consider- 
ably varied in my cases, as is shown in Table IV. 


Table IV 


SOURCE 

NO. OP CASES FOUNP 

PERCENTAGE 

Right hepatic artery 

50 

S3.0 

Left gastric 


1.2 

Right gastric 

2 

2.S 

Gastroduodenal 

i 

1.4 

Celiac (separately) 

1 

1.4 

. Aorta (directly) 

1 

1.4 

Superior mesenteric (accessory 
common hepatic branch) 

1 

1.1 

Cystic 


2.8 


Space will not permit the sketching of but one of these specimens 
(Specimen 259, Fig. 5). 

In 1 ease the accessory vessel passed posterior to the portal vein ; one 
coursed in front of the common bile duct, and three in front of the com- 
mon hepatic duct. 

D Tivo Accessory . — Only 1 case definitely showed this occurrence 
(Specimen 51, Fig. 5). A search of the literature shows this elsewhere 
only in 2 cases of Brewer^* and in 2 of Budde." 

RIGHT HEPATIC ARTERY 


A iVorwiaZ.— This occurred in 223 (79.7 per cent) of the 280 eases. 
This compares with other investigator as shown in Table V. 

Table V 


CASES examined ereqoen cv 


Adaclii- 

Brancoi 

Brewer^ 

Descomps^ 

Flint:® 

Kosinski® 

Bipschutzs 

McWhorter:! 

Bossi and Cova 
Susloff!® 

TUoinpsonH 
Browne 


252 

50 

50 

50 

200 

55 

83 

37 

102 

131 

50 

280 


221 

11 

.10 

15 

15S 

51 

04 

32 

92 

112 

41 

(>.}•> 


1-EBCENTAOE 


S7.7 

82.0 

75.0 

90.0 

79.0 

93.0 

77.1 

80.5 

85.5 
85.5 
88.0 
70.0 
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times in 50 cases and every case 


Cysiic artery 
Gall-bladder '\ 


t ;■• Hepatic duct 
Rt-Kep atic A, 




, L/., Kepa-Iit^ A.' 


-...r^-,' :• di V ( '•'; 

— . . . *’/" . • ■ ■■ /' 1 • A, v-v-» ,fr\ * 


Gastroduodenal A. • 'r-y; ' 



Els. 7.— A, Specimen 176. The risht hepatic artery parallels tlie cystic duct to the 
neck of the gall bladder and gives off an oxtromely sliort cystic arterj-. B. Specimen 
•ISO. A replacing right hepatic artery from the abdominal aorUt courses behind the 
portal vein and also parallels tlie cystic duct to gall bladder neck before giving off 
short cystic branch. 




^ SpecU-n 26G. T'.e ‘n"o“toU:'S 

Fif- 1^ spe<="5?" BP" 


FiS- 6-—^' |‘'®Speciinen 16^ gju*bla<lder. 
vo^, \fus and the nef of the ga 

f supraduodenal branch. 
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A A«r.»«i.-Ths cystic »ttciT i“»e'rre 




.Gasirodu.6ci(2rtaiA..<" ,-y I ^, 

■Rt-gastrie A^-'" ■^J.ri.:..-. ■ ■i' — - ■-^' • 




^UimRT. gastric a. 


HEIPATIC a1 


ACCRT.HEPATIC arts^ 




tic •irtury from abdominal aorta 

Specimen 118. Two accessory liRi't Ucparic 
posterior to Uie portal vein. 
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of the artery. Mirizzi,*'' in his review of cases in the literature where 
this happened, also shows the unhappy results attendant in most of the 
incidents. Flint, =» Eisendrath,^‘-i“ and Friencl,^^ as well, stress the fre- 
quency of this parallelism of the right hepatic artery to the cystic duct 
and consider the relationship most important from a surgical viewpoint. 

In one case the right hepatic passed posterior to the common hepatic 
artery, which was due to the tortuosity of the latter vessel. 

Compared Avith my 2 eases passing behind the portal vein, 
McAVhorter^-* found 3 in 37 cases ; Thompson,^' 5 in 50 ; and Flint,^® 4 
in his 200. Compared Avith my 6 cases passing anterior to the common 
bile duet, BrcAver^ found 1 in 5, Avhich seems to be the only other case 
of this recorded. Thompson" found 5 cases passing anterior to the 
common hepatic duet, BreAver^ 7, Deseomps’ 13, McWhorter^* 5, and 
Plint-” 25. BrCAver^ and Thompson'^ each record 1 case of an anterior 
relationship to the cystic duct. The 1 case in my series of the artery 
passing posterior to the common hepatic artery seems to be unique. 

B. One Replacing . — This Avas found present in 19 cases. Bight of 
these vessels originated from the abdominal aorta, 9 from the superior 
mesenteric, and 2 from the celiac directly (Specimen 37, Fig. 4). Thir- 
teen of my 19 cases coursed posterior to the portal vein. This high per- 
centage seems to be a fair index of the usual course of these replacing 
right hepatics. In 7 cases the vessel passed posterior to the common bile 
duct. Eight Avere posterior to the cystic duct; 1 Avas anterior, and 1 
closely paralleled the cystic duct on its upper left aspect as far as the 
neck of the gall bladder (Specimen 280, Fig. 7). It is readily seen that 
about 50 per cent of tliese vessels Avould offer potential possibilities of 


damage during choleej'steetomy. 

C. Tivo Replacing . — No instance of this AVas found in my specimens 
and apparently not in the Avorks of others. 

D. One Accessorg . — This occurred in 37 eases (13.2 per cent). The 
most common source of origin Avas the left hepatic (42 per cent). These 
accessory branches from the left hepatic Averc definite, large branches to 
the right lobe and could not be classed as a "ramus medius.” Thirteen 
originated from the superior mesenteric and 9 from the abdominal aorta 
(Specimen 171, Fig- S). TAventy-tAvo cortrsed behind the portal vein 

d 3 coursed ventral to the common hepatic duet. As regards the 
f Inct 13 Avere in a doi-sai relationship and 6 coursed parallel to 
Sfneck of’ -all bladder (Specimen 171, Fig. S). This adds to the num- 

ber wine), show this .■olotio..sl,ip » sursioolly. 

m . Jrers-mn/.— This Avas found present in 1 ease (Specimen IIS, 
p-!!’ sT' BrcAver^ reports 1 ease of this condition and there is also 1 case 

of iMeckel s. cystic .artery 

is a nio.st imjiorlant A'c.sscl from 


, not least, the cystic artery 


Last, hut not eas , ^ ^ found in my .studies to .show a large 

a surgical point ‘ ^.o.vceedcd by the i-ight gastric. 

percentage of variations, only c 
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behind the eomiiion hepatic d\ict. In the present series this '‘normal” 
condition prevailed in only 153 cases (54.7 per cent). 

The reports of other investigators may be compared with this low 
finding in Table VI. 

T.\ble VI 


AUTHOR 

CASES EXAMINED 

TREQUENCY 

PERCENTAGE 

Belouis 

150 

104 

70.0 

Braneoi 

50 

3S 

76.0 

Breivers 

50 

33 

66.0 

Deseomps= 

50 

44 

S8.0 

Eisendratlpr-io 

? 

? 

85.0 

Flint20 

200 

165 

S2.5 

Kosinskia 

55 

51 

93.0 

LipseliutzS 

S3 

54 

65.0 

McWhortei-’i 

37 

34 

92.0 

Boss! and Cova® 

OC 

79 

82.3 

Suslofiio 

118 

96 

Sl.3 

Thompsonii 

50 

34 

68.0 

Yabuki22 

29 

26 

89.6 


The artery coursed ventral to the eonunon hepatic duet in 37 eases 
(24 per cent) (Specimen SS, Fig. 1). Eisendrath^''^“ stresses the surgi- 
cal importance of this relationship and says it is present in 27 per cent 
of all cases. Plint^° found it occuiTing 31 times out of 165; Branco/ 
12 times in 50; Susloff/® 24 times in 118; Descomps/ 20 times in 50; 
McWhorter/^ 6 times in 37; Adachi/ 28 times in 65; Brewer/ 2 times 
in 50; Yabuki/= 3 times in 29; and Thompson, 8 times in 50. 


In my series it coursed posterior to the common liepatic duct in only 
2 eases. Brewer^ found tliis present 3 times in 50 cases; Adachi,® 1 
time in 65 ; McWhorter, “ 6 in 37; and Thompson,^' 1 time in 50. 

Three cases coursed anterior to the right and left hepatic ducts and 
7 coursed ventrally to the ductus choledochus. Thompson’s” Specimen 
44 is the only other ease that could be found showing this relationship. 

Thirty-seven (24 per cent) of these normal cystics had very short 
trunks the vessel coming off tlie right hepatic practically on the neck or 
body of the gall bladder. Tliis, as I have already stated, is very impor- 
tant from the viewpoint of the surgeon, as the right hepatic artery could 
be so easily ligated (or injured so severely as to require subsequent 
imotion) while attempting to ligate the cystic artery (Specimens 166 
ind 176,’Figs. 6 and 7). Eisendrath,””^- Friend,” and Flint^o call espe- 
cial attention to this fact in their articles. 

No instance of a posterior relationship of the artery to the portal vein 


was formd. jn 1 case (Specimen 60) and is a ease 

^ ihsent gall bladder. It is not a postsurgieal condition, 

of congenital y anterior body ivall. the inferior surface of 

as no scar was pi eommon duct was about three times the 

the liver, or the bi e found to be comparatively normal, 

average size. y ladder is occasionally absent.” Brewei-" 

Quentf" states: i a number of such cases. There are 
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Other references in the literature to this condition, bnt its full discussion 

here is inadvisable. . „ . 

C One Beplacincj.-TMs anomalous condition was present 46 times 

and the course of origin was extremely varied. Nine cases were fiom 


l^t. hepatic A.' 1^. hepatic A. 
Hepatic bile ciuct\ ^Portal VI 

Cystic bile-duct' Hej^atic A. 
Gall-bladder V v.: 







non bile y. 


Common bile duct.ri'^" y,-, A 

Cystic A.-'"' , ■■■[ 

Gastrodu-odenarA. -•t'v'h’iAAA : • '■ / l 

■c» '■ -Vi-:;.- 



courlfs tentraf ‘^>'sno artery, from the gastroduodenal. It 
Uot\‘itir» ductus cliolcdoclius. J5t Spcciinon 38. Vn uccossory rislit 

Uop^itic arlory from the superior lucsenterlc and Wo replacing: cystic a^SsT 
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the eommon hepatic artery +v 

Sa«rod.,„<ic„„. l«P«llc a, .to,,,. 6, f„„. 

aecessoiy right hepatic; 3, from a reDh,r>“^^ ‘in 

a ccessory left hepatic; 1 , from the siLrior 
and 1 , from the celiac directly. ^ P'lncreatieodiiodeiial arteiy; 

S passed anteriorto'^IhrSurih^^^^^ duct and 

Nine of these vessels ivere also vp,-i , (Specimen 265, Fio- g) 

The surgical importance of this has a), i , (Specimen 2S0, Fig. 7) 

One „nhe veaseh dividaSTatet ““ 

a adder ns two sepnrate sloiiis. Tliia clini(df“ ,T *” “It 

iGi ease oi an iiceessoi'y cf'stic. amounts to an- 

n>- Tm Re placing. ~'Xhh wi« r^,. a . • 

-at). Three cases show boIiralm^X," P- 

common hepatic trunk (Specimen 1 S 7 Fio- sH 

lating from an accessory riglit henatic- r i ’ ^ ^ vessels origi- 

veplacing right hepatic; and 1 shows one ofVl^"''' f™m a 

common hepatic and the other from an -loo ^ ® <^ommg from the 

men 38, Fig. 9 ). accessory right hepatic (Speci- 

fn 4 specimens both vessels enn.-o^a * • 

In 5 instances 'oL' veisifwi f"; 

and the other vessel was far removed from the 7^ 

(Specimen 276^F7g]%. The hemic aZt-'i^ tv'" ^ 

the superior mesenteric, so this placed the ihree vstt^-ir ", 

«e s. I was not able to find this condition reported m S ^^ 7'“? 
other investigator. ipoueti m the ivorfc of any 

per cent). Fortum ofdmracilsLrvciser^^- Nieeimens (20.7 
5 rn„.n .n:TeT:rT:T:TT\'''» 



hepa 

5 and 10). 

In 5 eases the accessory vessel cour.sed anterior to 
duct (choledochus), and in 13 specimens it pa.s.sed anteiioi tTuT 
man hepatic duet. These ves.sels are all important surmcallv but tho”.' 
passing anterior to the bile ducts are especially .so, the ducts s^o ten 
being grasped with forceps in hurried efforts to control hemorrin 7 
from the cut accessory vessel. Due to the fact that thev are found hi 
this jiosition so often, all surgeons .should look earefullv'for thei • 
ence during eholec.vstectoniy. ‘ pi(s- 

G. 3'ieo rlccessorg. — In the pre.sent series Specimens 121, 13.S and il l 
.show this iiioi’t unusual condition vorv convineingl.v. The surm'cal im- 
portance of these cases is readily apparent (Specimen 121, Fig. 10). 
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ill conclusion, I trust that this work will not be looked upon as 
simply another article on the hepatic artery. The field is big and it is 
hoped that this study will be an incentive for other investigators along 
this line. 

Aly sincere tlianks are extended to Hr. Wilbur C. Smith, professor of anatomy in 
Tulane Medical School; Dr. A. P. Reed, assistant professor of anatomy; Mr. Leo 
Faust and Mr, William M. Sherrill, student assistants in the department or anatomy, 
for their valuable help and sympathetic interest. Thanks are also _ extended to Miss 
Harryette Sprole, Mr, A, Greutert, and Mr. A. Vogt for assistance m translations. 
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I^he literature on runtiirc nf n, i- 

IS fairly extensive, and the mode of produ^r°'””f ^«iown severe injurv 
no explanation. Cases of spontaneoifs ZtZ ^‘^Pture requires 
in efinite or insignificant injury are f ^ inipture following 
taneoua raptoa ,,.a hem. rapoTw T a 'oTJvT"'« "P”"- 

»uch as caramoma, syphflia, temapsiom, 7 Ta,T 
and to.™ infections (Mast and SteTTT, " n ' <ii»aaso, 

stadt,‘McEwan and McEwan,= Na, '^1 .'‘o i'"'’ March. 

The explanation of the nrobijZZ ’ 
such cases, first advanced bv Devie -md^BlZ 

Maacld rnpTncXTath, " ' ,7“ »y 

rhage. In spontaneous rapture the hem f Iiemor- 

mpture. The chain „, cvcTTLX'’ 'I T™' 

vascularization at the peripheiT, rupture Of -/x i 1 . 

rhage with resulting rupture of the tiasuc ^ ^"‘^^‘^^^epatic hemor- 

anlar hematoma t when the „77 !c “ T P> "*mtion of „ snboap- 

capsnlo permits escape of blood into llicTTTtoMmf!' 

nitis and death.” icadiiig to perito- 
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SilveVMn 1938. 

Instances of liver rupture oecurriiig .spontaneonatK- 
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The large size of the liver and the fact that it remains little ohstie 
tissue favor rupture of fins organ as compared with fj,;it of the hiw'’ 
spleen, or kidneys. The relatively greater size in roiith tlum in 'oldiU^ 
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may account for a greater incidence in younger individuals. Lamb"® 
has analyzed sixty cases of rupture of the liver seen at the Boston City 
Hospital. Of this number, fifteen, or 25 per cent, were 10 years of age 
or younger. Springei'^- comments that in children even slight trauma 
may lead to a tear of a parenchymatous organ, due perhaps to relative 
weakness of the framework of connective tissue and to elasticity of the 
lower ribs. 

Heinzellmann,^^ in 1886, reported an instance in which a sudden acute 
anemia with death in a few minutes occurred in an 18-year-old boy con- 
valescing from pneumonia. During the night of the fourteenth hos- 
pital day, another patient by accident lay doivn in the boy’s bed. The 
boy either made a sudden movement in fright or the other patient may 
have rolled on him. Autopsy revealed a large hole, 1% inches in diam- 
eter in the liver. The hepatic tissue was described as “succulent.” 

In 1899, OarnabeB^ described a ease in a young man 26 years of age, 
admitted to the hospital for osteoperiostitis of the inferior ma.xilla. Two 
incisions were made. Six days after admission, the patient suddenly 
complained in the night of abdominal pain and epigastric cramps. A 
diagnosis of appendicitis was made the following day, but operation was 
postponed. During the second night the patient cried out suddenly and 
died. A posterior rupture 4 cm. deep was found in the liver. 

The case of Bernard” is often cited as one of spontaneous rupture of 
the liver, without even remote possibility of effort. A woman of 62 years 
was recovering from hemiplegia. Suddenly, in the midst of a conversa- 
tion, she lost consciousness and died an hour and a half later from ab- 
dominal liemorrhage. At autopsy the liver capsule was found to bo 
broken posteriorly with a cavity in the parenchjnna as large as a small 
orange. 

Devic and BerieB collected eleven eases of rupture of the liver from 
the literature. While some were definitely due to syphilis or cancer, in 
four there was no history of injury and no pathologic condition present 
as far as known. 

Pichon and Cachin” has occasion to operate upon a patient with rup- 
ture of the liver following a seemingly insignificant trauma. The pa- 
tient was a man 34 years of age Avith no previous hepatic illness. The 
Bordet-Wassermann test Avas negatiAm. He had a violent fit of coughing 
followed by a severe pain in the right hypoehondrium and vomiting. 
The evening before he had performed some gymnastic exercises and had 
expended considerable effort in extension of the arms. At operation a 
rupture Avith a grayish border A\ms found on the inferior surface of the 
quadrate lobe; the rest of the hepatic tissue appeared normal. The 
patient recov’ered. 

Sciacea^ reported a ease in Avhich the liver apparently ruptured spon- 
taneously during a normal bodily movement. The patient, a young 
priest, had been ill for about four Aveeks with an oral septic process, 
tins was followed by a recurrence of fever and abdominal pain thought 
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to be due to a metastatic localization in an abdominal organ. After a 
peiiod of convalescence, as he bent over in the lavatory, he was seized 
with a violent pain in the right upper quadrant. Death occurred in 
less than trvo hours. At autopsy a linear laceration 8 by 5 cm. was 
found in the right lobe of the liver. The liver was lar’ge, very soft, with 
a diffuse yellow coloring. No microscopic examination was made. 
Seiacea reviewed the literatnre, including the reports of Heinzellmann, 
Bernard, Devic and Beriel, Pichoii and Caehin described above. Prom 
a study of these cases, Sciaeea questioned whether sound hepatic tissue 
can rupture spontaneously. Pie concluded that, when ruptui’e occurs 
with minimal cause, tJie parenchyma is probably not normal. 

Another case of liver ruptniu folloudng injury considered minor in 
character was reported by Robin.^" A man, 28 years of age, with a 
negative history of syphilis or any disease of importance, fell forward 
on. his abdomen when the edge of the ditch on which he was standing 
gave way and struck the other side of tlie ditch. Operation about ten 
hours later revealed a laceration of the right lobe of the liver which 
penetrated deeply into the liver substance. Bleeding was profuse. The 
postoperative course was stormy, but the patient recovered. 

Relatively few cases of the tyjie under discussion have been reported 
in chiidi'cn. Bradley and Garrett*® describe an iiustance of spontaneous 
rupture of the liver in a child with complete recovery and believe it to 
be the only ease of spontaneous rupture followed by recovery reported. 
A child, 3 yeai’s of age, became suddenly ill while eating breakfast, 
vomited, and grew feverish. X-ray, seven days later, showed an en- 
larged liver shadow. Laparotomy was imrformed sixteen days after 
onset of the illness. On opening the abdomen, an enlarged liver pre- 
sented, with a blnisli mass beneath a thin capsule; the capsule was rup- 
tured; the liver had apparently ruptured previously and now en- 
closed a clotted mass. Most of this mass was removed, leaving a trans- 
verse irregular ci-ater in the i-ig))t lolm. d’Jiis was packed with gauze. 
Convalescence was uneventful. 

Springer*® describes four cases of ru])ture of tJm liver. Two of these 
occurred in children, one 13 and one 8 years of age. Tiie fraunm in 
each instance was felt to 1)0 relatively .slight : in the one ease, a fall of 
three feet striking a diagonally jilaced -stick irith the right flank; in the 
other the child slipped on .some step-s and stniek tlie i-iglit flank on the 
■corner of one step. A similar accident was mentioned by Lamb.®' In 
Sm-in^er’s cases, as m the one reported l)y Robin,*’ ff.e hemorrhaged 
blood Auctioned from the abclomcm, wa.s u.sed for uutalnmsl\mon nccovd- 
in- to'the method advocated, .so Robin status, by Theis in Germany m 


be well to emphasize at this point Ibat leinfusion of hemor- 
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sixteen hours and quite marked at the end of twenty-four hours. Small 
amounts of this hemolyzed blood, when introduced intravenously, had 
no ill effects on the animals; but intravenous injections of quantities 
greater than 1.5 to 2 c.c. per kilogram of body weight resulted in a fall 
of blood pressure, albuminuria, hemoglobinuria, and oliguria. 

AUen^® reported a ease of traumatic rupture of the liver. At opera- 
tion three hours after the accident, 800 c.c. of blood was suctioned from 
the abdomen and injected intravenously. The patient died fifty-six 
hours later of complete anuria. Allen attributed the fatal outcome to 
the effect of the autotransfusion. In a discussion of subcutaneous ab- 
dominal injuries, Lewis and Trimble-^ refer to this accident and suggest 
that the damage in such instances may be caused by the toxins elabo- 
rated by a ruptured liver in which autoiysis takes place rapidly. 

IVatson and Watson^^ have reviewed the American literature on auto- 
transfusion. They collected 272 eases in which reinfusion of hemor- 
rhaged blood was employed and reported two additional cases of their 
own. In many of the cases the procedure had been believed to be of 
marked value. Nonfatal reactions occurred in nine instances. Four 
cases were fatal; in three of these (cases of ectopic pregnancy) death 
was attributed directly to the autotransfusion. Of the total number of 
cases, six were instances of liver injuiy; no transfusion reaction was 
reported among these. 'Watson and Watson believed that untoward 
autotransfusion reactions are probably due to a toxin, perhaps free 
hemoglobin, which appears in the extravasated blood subsequent to the 
hemorrhage. These authors believed that the use of such hemorrhaged 
blood should be limited to cases Avhere the demand is urgent and where 
there is no contraindication due to the age or source of the blood. 

From a survey of the literature it is seen that cases of spontaneous 
rupture of the liver or of rupture following slight trauma are compara- 
tively rare and those with recovery are even less frequent. In instances 
of apparently spontaneous rupture it Avould seem that the possibility 
of trauma antedating by some interval the appearance of acute symp- 
toms and perhaps ignored at the moment should be boime in mind. 
During a period of intrahepatic hemoi’rhage and formation of a sub- 
capsular hematoma, symptoms may be insignificant ; but, when the cap- 
sule has ruptured, thus relieving the pressure that has partially con- 
trolled the hemorrhage, and free blood escapes into the abdomen, symp- 
toms may become acute. This has been noted, according to Silver,^^ in 
the newborn; the child may be born apparently normal and may appear 

to be well until the third or fourth day, when there is sudden collapse 
and death. ^ 


It has seemed desirable, therefore, to present a ease of subcapsular 
liemorrhap of the liver with recovery in a 9-year-old boy with an in- 

father''anfr^’ “u severity. The mother and 

well r ° y°"“Ser than the patient were all living and 

nell. 1 here was no known history of syphilis. 
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z ‘"“s r;L“: 

Ii... iJttUr!' ”''" -“<1 "I'oopms =o«.I,, ,,„ 

rtsl.t'’'.WrH'''“‘ ‘° “'• rt,“ L''“o' f- ’"“■ 

• He was seen by the fauiily physician in 7 ^' '^0“»ted a few minutes 

Ho was 7n severe pain throughout the t , " 
ioimng and when examined again by the^docr ^ in the 

The patient slept most of that day but at o p P^®®®'ded no positive lindinn-s 
pam which lasted for three hou2; S eoLlabm f f 

o severe that he wouldn’t permit'his irel 1 to ch -- 

men. The boy was then taken to the hospital. ® ‘ abdo- 



Ho history of injury could be obtained at thi.s time. Eater, after dili,w„t i„ 
quiry, several coiillicting stories were obtained to the eirect that the child fell from 
a tree, fell off a hay mow, was pushed off a .swing in motion. None of these .state- 
ments could be eonfirmed. The only story the mother believed might be true wa.s 
that, on Sept. IS, two boys at school, younger than the patient, lifted the child 
up and threw him to the ground. 

Examination at the hospital revealed a well-developed tind well-nourished !>- 
year-old boy, who appeared seriously ill. The lips were pale. He wa.s unable to 
take a deep breath because of pain in the right upper quadrant. There w.i» no 
jaundice nor marks or bruises on the body. The rest of the phy.sieal c-vamiaat/on 
was negative except for the abdomen. On inspection there was a large, round. 
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dome-shaped mass which extended from the right costal margin to the midline and 
resembled a small melon (Fig. 1). This mass was extremely tender. The lower 
abdomen was essentially negative except for marked tenderness. There was no 
definite spasm or rigidity. Impression: (1) cyst or abscess of the liver; (2) rup- 
tured diverticulum of the small bowel or ruptured stomach; (3) hemorrliage of the 
liver. 

Cyst was ruled out because of the rapidity of development; no mass had been 
present when the patient was examined by his physician two days previously. 
Against an abscess was the fact that there was no elevation of temperature. X-ray 
showed a dense shadow over the upper right abdomen but no air under the dia- 
phragm, thus excluding rupture of a hollow viscus. The tliird diagnosis was made 
by elimination. 



Pig. 2. — Hemorrliage from the ruptured capsule. 

Laboratory Findings.— U.B.C., 3,490,000; hemoglobin (Sahli), 65 per cent; 
\.B.C., 19,900; neutrophiles, 86; eosinopliiles, 1; lymphocytes, 13; blood, Type A; 
Hinton, test negative. 

Operation was performed Sept. 23 shortly after admission. Under gas and 
ot ler, an incision which started well over the mass and extended down the right 

umbilicus was made and the abdomen opened without 
<1 cu tj. The first impression was of a large domelike cyst (Fig. 2). A tre- 

sucMnT*tr”Ti”*^ began to flow from the lower abdomen. Using 

rarefiilK- ?- 'removed. The incision was extended upward and the liver 

til., e-'^^'nuned. At the junction of the anterior liver edge, to the rio^ht of 

gameut and near its attachment, the tension had become so great that the 
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the abdominal cavit/ 'rhe ?Iub”“ lieaiorrbage iato 

established. Unaouhtedly^’ZZ—^ '>«age of the W Z 

Ijver parenchyma had acted as a tamooT f ® ‘''® cavity in the 

or nearly so. Othern-ise death JoS tVo f Js intact 

massive hemorrhage into the abdomen. ' mtervnl from 

liver, ond the 

ower portion of the liver. During the T 

arge tear e.xtending over the entire hemorrlmo-i . Z ‘^“P®“’® r«Ptured ivith a 
P....... . 1 ™. ‘’i'Sjl.vM'Si 



Fiff. 3. — Muscle inserted into tlie liver cavitj- 


salme solution was hastily placed in this cavity which could now he seen to he 
4 inches in length and about 3 inches in width. e.vtendiag well down into the 
parenchyma of the liver. Pre.s.siiro from tl.e wick stopped the hemorrlm.m tem- 
porarily. Witli removal of tlie wick, flie hemorrhage continued. It was then tle- 
cided to e.vcise the rectus mu.scle. About 5 indie.s of muscie were cut away and 
inserted into the liver cavity. Three sutures of j.Iaii, i-atgut were loo.scly ' pl.-i'ced 
and the muscle was packed into the liver cavity as secureJv as possible. The 
omentum was then brought up and ii.aeked in over tlie muscle. The tom edge.s 
of the capsule were sutured with jduin catgut. Ily this time tlie liemorriiage 
seemed to he fairly well under control. AVifh the suturing 0 / tlie cap.siile, a large 
3-yard wick was placed hetiveeii the capsule .and the abdominal w;dl. ,vll bleeding 
was controlled, the wick left in the abdomen, .and the incision .-ewn with layer 
sutures using plain, chromic, and dermal. The hoy^s condition uas poor; the 
pulse was barely perceptible. He w.is giten an immeiliate transfusion of uOO e.c. 
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of citrated blood on the operating table. Tn about one-half hour his condition 
showed improvement. He was taken back to bed and put up on shock blocks. 
In the evening the temperature was 102“ F.j pulse, 140; respirations, 20. 

Following operation, the temperature showed a daily rise, spiking to elevations 
ranging from 102 to 105.2° F. Drainage, apparently of old blood, practically 
ceased on Sept. 24 but began again on Sept. 27. Transfusions were repeated on 
Sept. 24 and 27. Snake venom, 0.5 c.e., was administered on Sept. 27 and medica- 
tion of klotogen instituted. The patient's condition was poor and he was placed 
in an oxygen tent. 

By Sept. 30 the boy had definitely improved. The next day the 3-yard wick 
was removed; withdrawal was followed by drainage of a small amount of dark- 
colored blood. 



Fig. 4. — Omentum of muscle and suturing of the capsule. 

From Oct. 2 to 5, the temperature continued to spike and the patient com- 
plained at intervals of pain in the right shoulder. Examination revealed signs 
of fluid in the right pleural cavity, confirmed by x-ray. A small trocar was in- 
serted and 3.5 ounces of foul-smelling burgundy-colored fluid were obtained. A 
catheter was inserted and sutured to the chest wall. Culture of the pleural fluid 
showed hemolytic streptococcus as the predominating oragnism. Administration 
of neoprontosil was begmi. 

The patient’s condition again improved; the temperature fell to a lower level, 
y Oct. 10 x-ray showed that the right lung had expanded and that’ very little 
m remained m the pleural cavity. The next day, however, the temperature again 
OerV" *T*^i evidence of abdoimnal distress On 

V cons“idcraw7^’ drainage area in the abdomen. 

able amount of foul-smelling pus was discharged. On culture, hemolytic 
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streptococcus was fo„n,i + , 

'vas reinserted into the ah i Predominating oro-aaisn, n 
ra the wound between fl ' incision and two iar ^ 


«..«.d b... r:; i,. ^ b, 

nial; there was alntost ""?''0'’e steadily. By Oct on . 
oouglij and the patient was *om the abdwnina/ wo''”T™^'"^° 

Pital on Nov. 8 hJnl "" diet. He wa J "“e n, 

’ -ode a compSe hos 


as 



Fiff. 5.-CIosure of the woun.l with d.aln. 

Repeated blood counts were made duriu- the illness Ti . 

3,130,000 on Sept. 25, with a hemoglobin (Salili) of ' rn '' 

showed marked polychromatophilia. At the height of th e inh'et'''"' 

was 2o,500, with 90 per cent neutrophiles. The coa'^ulatfon c ‘'0""t 

on several e.xaminations wa.s 4 minutes. On Oct ir tl ^‘'‘‘Pdlary tube) 

■1,080,000; the hemoglobin (Sahli) was s;t per .^ent' whitr" 0."“ M mo 

neutrophiles, 2 basophiles and 39 lymphocytes. ’ ‘ 


SroiNARY 

1. The literature on rupture of the liver, both spouiancou.s atui follow 
mg onl}^ trivial violence, liii.s been reviewed. 

2. 2 \. ease of subcapsular rupture of the liver with reeoverv iji a 0 . 
.year-old boy with an indefinite hi.slory of trauma of only mode'iat.' 
severity is reported. 
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3. The operatiou is described and illustrated. In the emergency a 
portion of the right rectus muscle was excised and packed into the liver 
cavity, and the omentum was brought up and packed over the muscle. 

4. Anemia and shock were combated by repeated transfusions. 

5. Hemorrhage was controlled bj'^ the operation itself, by transfusion, 
and by the administration of snake venom and klotogen. 

6. Convalescence ivas complicated by a right pyohemothorax and 
localized abdominal infection. The predominating organism is both the 
pleural and the abdominal fluid was a hemolytic streptococcus. Sepsis 
was treated by drainage of the pleural and abdominal cavities and by 
the administration of neoprontosil. 
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THE INTBAPEEITONBAL USB OF HYPEETONIC 
GLUCOSE SOLUTION 

An Experimental Study With Reference to the 
Prevention op Adhesions 


H. P. Totten, M.D., Los Angeles, O^vlip. 

(i rom the Department of Surgery of the University of Southern California ) 

' I 'HIS paper presents the results of an experimental study under- 
taken to determine the value of hypertonic glucose solution in pre- 
venting the foi'mation and re-formation of experimentally produced 
adhesions. 


A brief review of the pertinent experimental work with intraperi- 
toneal hypertonic glucose solution will be given, although reports from 
the literature are somewhat confusing because of conflicting opinions. 

Following the work of Wegner, who injected liquids of a high dios- 
motic equivalent into the peritoneal cavity, Kuhn in 1911, repeating 
these experiments, suggested the use of hypertonic glucose solution in 
the treatment of peritonitis. He believed intraperitoneal drainage 
might be improved because of the fibrinolytic action of sugar. Reschke, 
in 1921, in a study on the effect of hypertonic solutions upon peritoneal 
resoiption, believed the chief value of glucose in peritonitis was the 
delaj’’ in resorption of the e.xudate and ivas unable to confirm the 
fibrinolytic action suggested by Kuhn. 

Pope (1914), in an experimental study on the prevention of peri- 
toneal adhesions, chiefly concerned with the use of citrate solutions, 
which he reported upon favorably, found that 50 per cent sugar solu- 
tion would not prevent the formation of peritoneal adhesions induced 
by mechanical trauma. 

David and Sparks found that, while a plastic peritonitis markedly 


diminishes the passage of diphtheria toxin from the peritoneum, an 
intraperitoneal transudate, such as is produced by 50 per cent glucose 
solution, facilitates the passage of this toxin from the peritoneum. 

Narat, experimenting with rabbits, found that it was possible to save 
animals from a lethal peritonitis (induced by injecting intraperito- 
neally a culture of staphylococci in which control animals died after 
from twenty-four to forty-eight hours) by injecting 20 per cent glu- 
cose from four to twenty-four hours after inoculation. He repeated 
the -Glucose injections from three to six times at intervals of six to 
twelve hours. Of 20 control animals, ail died, while 14 of 27 animals 

i-eeeiving glucose survived. _ , . . . - 

Ruelibinder found that by repeated intraperitoneal injections of 20 

ner cent glucose solution at inteiwals of ten to twelve hours eneapsula- 
r of drains could be prevented and their patency mamtamed for a 

By the use of suftlcient hypertonic dextrose 
penod of ,,Mch prevented fibrin formation. 

S'aCpvodueed a chemical peritonitis hy painting tincture of iodine 


nccelvccl for publiciUkm. IS. 
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on tlie small bowel and was able to prevent adhesions in a series of 7 
animals, except for an occasional strand of fibrin. He did not state the 
amount of glucose use4 nor did he test its value in preventing the re- 
formation of adhesions. He suggested that the method might be used 
to prolong drainage in case of diffuse peritonitis. 

In a later study Buchbinder and co-workers studied the effect of 
hypertonic dextrose solution upon diffuse peritonitis. They used for a 
lethal standard a twenty-inch open loop of ileum. With this standard 
control, 28 of 31 animals died from generalized peritonitis. The aver- 
age duration of the disease was four days. In those in which repeated 
injections of dextrose solution were given twenty-four hours following 
production of the open loop, the average duration of life was 1.75 days 
in one series and 2.2 days in another. In the latter group hypodermoc- 
lysis was given to avert dehydration. They concluded that a transu- 
date produced by the intraperitoneal injection of hypertonic dextrose 
solution added to an inflammatory exudate in pei'itonitis produced a 
more rapid spread of the infection. 

Morton, in an interesting study, found that local peritoneal im- 
munity against the hemolytic streptococcus was adequately established 
in a large majority of animals sixty hours after the initial injection 
and in 100 per cent after several days by the use of nonspecific im- 
munizing substances which included 20 per cent glucose solution. He 
found that the immunity was apparently dependent upon or associated 
with the presence of macrophages. 

In the present work rabbits were used exclusively as the experimen- 
tal animal. It was found that 20 per cent glucose in normal salt solu- 
tion is well tolerated in the normal peritoneal cavity. By giving an 
equal amount of normal salt solution subcutaneously, in order to 
obviate dehydration, as much as 30 to 35 c.c, per pound of body weight 
was tolerated without apparent ill effect. Tolerance beyond this limit 
was not tested. 


Due to the fact that this solution is hypertonic, having a high 
diosmotic equivalent, a transudate rapidly forms. Using 50 c.c. of the 
solution intraperitoneally with 50 c.c. normal salt solution subcuta- 
neously in a series of animals, the following amount of transudate 
was obtained from the peritoneal cavity at the designated time intei-val. 

The operative work was performed under intraperitoneal nembutal 
anesthesia, using 0.2 e.e. veterinai-y nembutal solution per pound of 
body Aveight. In some cases slightly more was required. This anes- 
thetic was found quite satisfactory if the precaution was taken to witli- 
holcl food for tAventy-foui' hours px'ior to its use. 

Strict surgical aseptic technique xvas maintained throughout the 
operative procedure. The abdomen xvas shaved and prepared xvith 
tmcture of iodine. A right paramedian incision was used. Closure of 
le abdomen was accomplished xvith linen suture, 
he method used to produce adhesions was a combination of me- 
t mtnca and chemical trauma which consisted of scraping the anti- 
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iiic.seiiteric portion of the small intestine with a knife blade until tlie 
serosa was abraded, followcnl by the application of tincture of iodine. 
This method was e.ssentiallj' the one used by Oehsner and Garside in 
their experimental work with papain except that they used gauze to 
abrade the serosal surface. I found, however, that in the rabbit the 
intestine adhered to the gauze so that there was danger of tearing 
through the entire bowel wall or mesentery; whereas, when the knife 
blade was used, the serosal surface could be abraded safely and satis- 


factorily. 


IU0SULT.S 


In a series of 16 animals (Group I) adhesions were produced in every 
instance, reoperation being performed one to five weeks later. In a 
second series of 16 animals (Group II) from 10 to 15 c.e. of 20 per cent 
dextrose in normal salt solution per pound of body weight was introduced 
intrapcritoneally following intestinal trauma just before completing 
closure of the peritoneum. In this group there were 14 cases in which 
adhesions did not form. Of the 2 in which adhesions formed, 1 was 
complicated by wound infection and intraperitoneal abscess and the 
other showed adhesions of limited extent (2 cm.) between intestine and 
mesentery but not between intestinal coils. In 12 animals in Group II 
in which the introduction of glucose solution at the time of trauma 
nrevented the formation of adhesions, trauma at reoperation without the 
introduction of glucose produced adhesions in 100 per cent of tlie eases. 

Finally at reoperation in 11 cases of Group I, adhesions were sepa- 
rated and the glucose solution was introduced with the result that ad- 
hesions did not re-form in 7 cases (67 per cent). tip 

Z additional animals were used which were not included in the 
^ u ' -fnv the following reason : 2 animals died as a result of too 

results ioi excessive trauma, in one case due to peritonitis 

much aiiestheUc 2 other from gangrene of the 

from ^ i strangulation due to intussusception at the site 

bowel; 1 died fio wall abscess followed by eventration, 

of trauma purpose of this study, it was deemed ad- 

Although not the P 1^^ solution upon the survival of the 

visable to observe ueritoneal infection. 

animals in the to establish a satisfactory lethal standard n 
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^zro? the appendix and TsLnd _ it. 

eessMly enough ccu^-r However, if perforation 

Death rapidly ensued obtained in 7 instances, the animal snr- 

viverthongt ^hfaprendix became greatly distended and there de- 
veloped local peritonitis an<l abscess. 



Pig. 1.— Photograph of control 

chemical trauma to small intestine. A JT^H loons are dilated, showing evidence of 
the traumatized intestine. The small intestinal loops aie ana c 

a moderate ileus. 


A satisfactory lethal standard was found to be a 10 c.c. suspension 
of 0.15 Gm. fecal material. Death occurred within twenty-four to 
forty-eight hours in 10 consecutive control animals. ^ , i. 

In the next 10 animals 20 c.c. of 20 per cent glucose in normal salt 
solution was injected intrapevitoneally seventy-t^\ o, oity-eigi anc 
twenty-four hours before iutraperitoueal inoculation of feca niateiia . 
The re.sult was 7 recoveries and 3 deaths. Death occurred in the fatal 


eases from throe to four days after inoculation. 

In another group of 5 animals the glucose solulioii was introduced 
iutraiieritoneally at the lime of inoculation. The result was death 
wUhiu a period of sixteen to twenty-four hours in every case. Tii the 
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latter gronp there ,vae little evidcee of peritoneal reaction or fibrin 

tXmrh T “if"™':"' I'faataling grenp, i„ wbid, signa ol 

w ell-markcc] iJcntoiuti.s were present. 

_ Those cases preimred preopei-atively with glucose solution which sur- 
vived were autopsied from two to four weeks later. 

The character and e.xtent of the adhesion indicated that these ani- 
mals had survived a widespread peritonitis. In 2 cases there were 
residual alisccsses. 



Fig:. 2. — Pliotograpii of control rabbit sacriaced two weeks after mechanical and 
chemical trauma to small intestine. Dense adhesions have formed between loops of 
traumatized intestine and between intestine and anterior parietal peritoneum. Arrow 
indicates area wliere adherent bowel was stripped from parietal peritoneum. 


It seems evident, in the light of Buchbinder’s observation as well as 
the results of the present work, that the introduction of this solution 
in the presence of peritonitis or coincident with peritoneal contamina- 
tion increases the rate of absorption from the peritoneum and inter- 
feres with the development of the natural peritoneal defense mechanism. 
This is apparently due to two factors : diffusion of the infections mate- 
rial over a wider area of peritoneal surface and interference with the 
formation of fibrin. On the other hand, the results obtained in this 
study confirm the Avork of Morton Avho found that, if given time, the 
irritatino' effect of hypertonic glucose solution in bringing forth a transu- 
date anparently acts as a nonspecific immunizing agent. Thus, provided 
absorution of the transudate has taken place prior to gross 

peritonitis. 
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While no attempt was made to study, in detail, the intra- and extra- 
peritoneal cellular response, omental sections were taken from control 
and prepared animals. Both showed the presence of a very acute in- 
flammatory process. However, the control specimens, grossly, showed 
less injection of the blood vessels. On microscopic examination the 
controls showed fewer infiltrating cells and these consisted largely of 
polymorphonuclear leucocytes. Sections from prepared animals showed 
considerably larger areas of infiltration and a more mixed type of cellu- 
lar infiltrate, with more evidence of phagocytosis. 



tmn »■ — Photograph of rabbit sacrificed seven days after mechanical and chemical 

intrrPnJt-u intestine ; 20 per cent glucose in normal salt solution was introduced 

following trauma* There is no evidence of peritoneal adhesions, 
f-^Muence of inflammatory reaction of the peritoneum is n^inlmal. 


In evaluating experimentally the efficacy of a particular solution in 
preventing the formation of adhesioii.s, the factor of infection must bo 
taken into consideration. When chemical and mechanical trauma is used 
to induce the formation of adhesions, such trauma may devitalize the in- 
testhial wall sufficiently to allow penetration of bacteria, and bacterial 
peritonitis develops and is added to the already existing peritonitis of 
e lemieal and mechanical origin. This bacterial trauma continues to 
•w. or a period of several days and by virtue of its prolonged action 
mu s o nullify the effect of the adhesion-preventing solution. 
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It is (luite possible, when glucose is used immediately following me- 
eluinieal and chemical trauma, if such trauma is not extreme, that an 
additional beneficial factor comes into play; the nonspecific immuniz- 
ing effect of the solution prevents the development of bacterial peri- 
tonitis, provided the bacterial invasion is limited, which otherwise 
would develop incident to chemical and mechanical insult and is thus 
effective in preventing the formation of adhesions. However, when 
trauma is extreme, for example, tearing the bowel wall in separating 
adiiesions, bacterial peritonitis will follow, irrespective of the use of 
the solution, and adhesions will form. It was ohseiwed that those ani- 
mals that had received the solution following trauma reacted better, 
were more alert, were able to eat sooner, azid retained their preopera- 
tive weight more consistently than the animals in the control series. 
Aside from the effects of adhesions in producing various grades of in- 
testinal obstruction, it is believed that the more severe postoijerative 
course of the control animals during the first several days was due 
essentially in some eases to a peritonitis of bacterial origin. 


COIIMEXT 


Hypertonic glucose in normal salt solution was selected for use in this 
study because the transudate which develops upon its introduction into 
the peritoneal cavity oceiu’s consistently. B3' virtue of this lai’ge transu- 
date, which is fibrin free, mechanical isolation of intestinal coils acts to 
prevent the formation of adhesions between contiguous loops of bowel. 

This solution, in the absence of intraperitoneal infection, is entirelj’ 
innocuous except for the possible danger of dehydration, and then only 
if it is used in excessive amounts. Deh.vdration, however, niaj^ be easily 
controlled. It has an advantage over most solutions because of the fact 
that its sugar and salt content may be utilized. 

Pei’itoneal adhesions which consistentl.v occur following a combination 
of mechanical and chemical trauma may be prevented from forming in 


the great majority of instances by tlie introduction of 20 per cent glucose 
in normal salt solution at the time the trauma is induced. Adhesions 
mav be prevented from re-forming after separation in the majority of 
cases if the solution is introduced into the peritoneal cavity at the time 
the adhesions are separated, provided the trauma incident to separation 
of the adhesions is not so great as to produce infection within the peri- 
toneal cavity, such infection being an adliesion-produeing factor which 
continues to act for a period of time longer than tlio transudate (ad- 
hesion-preventing factor) remains within the peritoneal cavity. 

It is believed the percentage of adhesion-free cases in Group II would 
hnve auproximated 100 per cent if infection had not occurred in tlie two 
cases that showed adhesions. It was the definite cause in one and the 

probable several cases in which the adhesions were so 

deise that V-eat difficulty was encountered in separating them satisfae- . 
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torily and in three iustcmces tearing of the bowel wall oeenrred, which it 
is belieYed tended to offset the effect of the transudate by virtue of the 
excessive trauma. 

Table II 



GROUP I 

GROUP H 

GROUP III 

GROUP rv 


Bowel 

Bowel scraped, 
tincture of 

Bowel 

Adhesions sepa- 


scraped 

scraped 

rated at reop- 


and tine- 

iodine applied 

and tine- 

eration in 


ture of 

and 20 per 

ture of 

Group I and 


iodine ap- 

cent glucose in 

iodine ap- 

20 per cent 


plied 

normal salt 
solution intro- 
duced intra- 
peritoneally 

plied at 
reoper.i- 
tion in 
Group II 

glucose in nor- 
mal salt solu- 
tion introduced 
intraperi- 
toneallv 

Xumber of animals 

16 

16 

12 

11 

Percentage of adhesions 

100 

13.0 

100 

36.4 

Grade of adhesions* 

(W) 12 

0 

9 

0 


(HI) 2 

0 

2 

1 


(II) 1 

1 

i 



(I) 0 

1 

0 

1 

Without adhesions 

0 

14 

0 

7 


*rr. Dense to moderately firm adhesions over most or all of traumatized area : 
HI, moderately firm adhesions over most of traumatized area ; II, moderately firm to 
easily separated adhesions of limited extent ; I. easilv separated adhesions of limited 
extent 


suit MARY .VXD COXCLtrSIOXS 


1. Hypertonic glucose in normal salt solution, aside from possible ef- 
fects of dehydration when used in excessive amounts, is entirely innocu- 
ous when placed u-ithm the normal noninfected peritoneal cavity. 

2. A large transudate forms which is completely absorbed within a 
period of twenty-four hours. 

3. This solution, when vised intraperitoneally, possesses value in pre- 
venting the formation and re-formation of experimentally produced ad- 
hesions. 

4. It apparently confers a certain degree of nonspecific immunity 
upon the peritoneum. 

0. In the presence of gross peritoneal contamination the use of this 
solution, interfering with fibrin formation, hastens the spread of in- 
fection. 
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It is quite possible, when glucose is used immediately following me- 
ehauieal and chemical trauma, if such traujna is not extreme, that an 
additional beneficial factor comes into play; the nonspecific immuniz- 
ing effect of the solution prevents the development of bacterial peri- 
tonitis, pi’ovided the bacterial invasion is limited, which otherwise 
ivoukl develop incident to chemical and mechanical insult and is thus 
effective in preventing the formation of adhesions. Ilowevei’, when 
trauma is extreme, for example, tearing the bowel wall in separating 
adhesions, bacterhal peritonitis will follow, irrespective of the use of 
the solution, and adhesions will form. It was observed that those ani- 
mals that had received the solution following trauma reacted better, 
were more alert, were able to eat sooner, and retained their preopera- 
tive weight more consistently than the animals in the control series. 
Aside from the eft’cets of adhesions in producing various grades of in- 
testinal obstruction, it is believed that the more severe postoperative 
eom'se of the control animals during the first several days was due 
essentially in some cases to a peritonitis of bacterial origin. 


COIIJIEN'T 


Hypertonic glucose in normal salt solution was selected for use in this 
study because the transudate which develops upon its introduction into 
the peritoneal cavity occurs consistently. By virtue of this large transu- 
date, which is fibrin free, meclianieal isolation of intestinal coils acts to 
]>revent the formation of adliesions between contiguous loops of bowel. 

This solution, in the absence of intraperitoneal infection, is entirely 
innocuous except for the possible clanger of deliydi-ation, and then only 
if it is used in excessive amounts. Deliydration, however, may be easily 
controlled. It has an advantage over most solutions because of the fact 
that its sugar and salt content may be utilized. 

Peritoneal adhesions which consistently occur following a combination 
of mechanical and chemical trauma may be prevented from forming in 
the great majority of instances by the introduction of 20 per cent glucose 
in normal salt solution at the time the trauma is induced. Adhesions 
may be prevented from re-forming after separation in the majority of 
eases if the solution is introduced into the peritoneal cavity at the time 


the adhesions are separated, provided the trauma incident to separation 
of the adhesions is not so great as to produce infection within the peri- 
toneal cavity, such infection being an adhesion-producing factor which 
continues to act for a period of time longer than the transudate (ad- 
hesion-preventing factor) remains within the peritoneal cavity. 

It is believed the percentage of adhesion-free cases in Group II would 
have approximated 100 per cent if infection had not occurred in the two 
cases that showed adhesions. It was the definite cause in one and the 

T>Tf>l)rVl)lC CflllSG tllG otlici . . > 1 • 

In Group IV there were several eases m winch the adhesions were so 

dense that great difficulty was encountered in separating them satisfac- 
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patieats were very happy that they could use their hands at once when 
they put on this apparatus. One of its advantages is also that it can be 
washed or changed without much expense, and therefore kept constantly 
clean and hygienic. 



Becaifse^ot position of the hands in musculospiral injury. 

Kls Ihe Angers, the grasp is weak. 

attachk“ho thl"" shirt fastening elastic to a glove which is 

■Pl„ 3 In ti n ‘=°“-ecting the malposition shown in Pig, i. 

grasp tightly tims position of the wrist and Anger, it is possible to 

Fig. 1. overcoming any weakness occasioned by the bositlL shown In 



SIMPLE -APPAPATL'^ ^ 

OP THE UPPER EXTEMITEs''''''' 


O' 


WKIST DROP 


^ nl-vc is tlie lofro? f 

paralyzed, but still the ])aticnt is nuablo They are not 

traction; lie ciinnot grasj) with them* strm^ Oieir powerful con- 

aiy object securely. The reason is clear 

iJnffs about the shortenin<r of the dio-it-.J n > ^ antagonists 

tude of their movements is ^reatlv rcdnoA^'^^n' 
powerfully enough only if “tj,e movement of something 

fiiigers are well extended. If at the L the 

ment the lingers are already in a Ihn-/./'"”"!® grasping move- 

when museulospiral nerve is paralyzed ) they always are 

If the palsy of the radial nerv^ ifof m ’ (Pig. i). 

to atrophy jiot o.ily of the cxtensorf, but a)sro7^'%^^'" inactivity leads 
and this condition may bo ao-oravated bv fi i of the linger, 

motor functions of tiie.palsied hand (Oppenheim) 

condition of' the digitariiexI-fslLulVp of radial palsy the 

sufficient to treat oMy i « It is not 

injury to the nerve) and treat thi>. -uiJ . , ^ l mechanical or toxic 
ehroiiie lead poisoning, repair the iroiind oP th' ^«sta]iee, erne the 
the paralysed radial nerve itsei a j I,' ."""' '‘''1 *'“■> 

sood condition as possible (electSrn.rree^;:r “ 

must also care for the adequate function of tJJ ! ^ 
be done only when one secures for the flexor of the 
for powerful contraction, and this can be done only hlT^ ^ Possibility 
' an extended position which will not hinder tlieir coiflraeSr W m 
also more or less secure the usefulness of tiie paralyzed hand 
mg the duration of tlie palsy and it will certainly facilitate and h.^r' 
the complete restitution in cases ivhicli are likely to heal It wi Z T 
vent, of course, the development of contractures. 

There are many complicated and expensive types of apparatus devised 
as substitutes for the failing function of the digital extensors ■ these are 
generally very uncomfortable. One can provide a very simple elieap 
and comfortable apparatus until the help of a glm^e and strips of -artm* 
elastic, and one need not wait days and weeks for the technician to°make 
it. Any nurse can get it ready in a few minutes. l have used this sim- 
ple apparatus for many years in many eases and found it (as others 
have who have used it according to my advice) most satisfactory. The 
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pletely useless, but it can be made useful by a broad strip of garter 
elastic whicb. is se^vn to the slioulder and to tlie dorsal and ulnar side 
of the wrist of a bedjacket, blouse, or suit-coat sleeve which keeps the 
elbow bent at an angle of 45 degrees and the hand at about the level of 
the mouth. The function of the triceps muscle being normal, this per- 
mits the patient to keep his hand in any position between 45 and 180 
degrees. This simple apparatus (Fig. 4) was constructed for a girl who 
contracted palsy of the Brb type after an operation. She was able with 
this apparatus to touch her mouth, her hair, and her face with her hands 
so that she could wash and comb her hair herself and use both hands 
when eating. She was a poor girl w'ho lived alone and had to do all 
the work in her house, and she could do this perfectly with the help of 
her apparatus. She recovered from her palsy, but, until this happened, 
the apparatus made her perfectly able to care for herself. 
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Uio domi jisiicct of oaeii of its /in-m' ''Tllcsf 

^ewmg iheiu tio-Iitly („ lJ,c fin-e.-s nf ii , -fastened by 

lo tbe re,Lu of tbe mcl t t*- 

sews the 

eoinoion band wbieb is tlien faslened JiU “iCrof ''' 

Ibe iniddie of the forcanii lo ili. i ■ i \ ' above 

••ISO Jii order to avoid ils slipping, tlrit ' . ‘ oi' band- 



Fiff. 4 . — Position maintained by siinolo hm/Totr^ 
bands sutured to tbe siioulder and fo the ulnar iSd elastic 

jacket or biouse In this way Batiente ‘vitl/Erl%aral4Ts “Ln 

and face witli Uie involved liand. va<a<>sis can touch tlie nioutli, liair. 


sleeve of a dark coat to siiow tlie ivliite elastic more distinctly, but it is 
surer to fix tlie elastic in the above-described way to tbe shirt Vleeve and 
it is also less eonspieuons. As Fig. 2 shows, the garter elastic keeps the 
wrist and the fingers constantly in a somewhat hyperextended position 
and in this manner promotes the powerful contraction of the digital 
flexor muscles and a firm grasp (Fig. 3). 

II. ekb’s palsy 

The most prominent and constant feature is palsy of the shoulder mid 
the flexors of the elbow; whereas, the extension of the forearm as ivell 
as all the movements of the Angel’s are normal. Such an arm is com- 



RADIATION THERAPY FOR RECURRENT SACROCOCCYGEAL 
CYSTS AND SINUSES- 

Robert Turell, M.D., New York, N. Y. 

T he numerous studies on saerocoecygeal cysts and sinuses to date 
have been unproductive of unanimity of opinion as to the essential 
aspects of this lesion. The wide diversity of opinion regarding the 
etiology and genesis is responsible for the lack of understanding of 
this lesion. 

Most investigator’s agree that the sacrococcygeal lesion is congenital 
iir origin and that it arises from the ectoderm. They disagree, however, 
as to whether nerve tissue or integument is the source of origin. For 
the sake of brevity we shall limit this discussion to the recent work of 
the two proponents of these opposite theories. Gage^ has presented ex- 
cellent evidence to show that sacrococc3’’geal cysts and sinuses arise from 
the caudal end of the medullary canal. He stated that in rare cases the 
sinus may extend into the sacrococcygeal joints, sacral canal, or to the 
diu’a and thus communicate with the subarachnoid space or cord. In- 
stances of meningitis originating fz’om infected sacrococcygeal cysts, as 
weU as the escape of cerebrospinal fluid from the sacrococcygeal lesion, 
have been reported. Gage furthermore showed the pz’esence of nerve 
tissue and a persistent absence of sebaceous cysts in the depth of excised 
specimens. 

Fox,^ on the other hand, presented embryologic proof to show that 
the invagination of normal ectoderm is the cause of sacrococcygeal cysts 
and sinuses. Gage^ in a recent critique of Fox’s work stated that the 
latter “described the development of the median raphe.” In passing, 
it should be noted that Stone* considers the sacrococcygeal cyst as an 
analogue of the preen gland of birds. The preen gland embryologieally 
and functionally resembles the raaminai-y gland of tire higher vertebrates. 

In the final analj^sis, it is acute or chronic infection which heralds the 
presence of the lesion to the patient and to the surgeon. Both judge 
the success or failure of the surgical treatment by the incidence of re- 
currence. Most surgeons believe that tlie important causes of recur- 
rence are the failure of removal of the primary infected scar tissue and 
eradication of the infection. All bi’anehes of the sinus as well as ectopic 
epithelium should be removed during the oi’iginal operation. Oblitera- 
tion of dead space is another impoi’tant factor. 

It is generally conceded that the published I’eports on recurrence do 
not represent a fair cross section of the work done throughout the coun- 
try. T he unreported unsucce.ssful results do not necessaril.y reflect the 

RtHieiviia fur iiublication. Noveiuber 23, 1D39. 

Ijufoiu tho Long- iBlnnd Kaflioloeicul Society, 29 , 19-10 
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CASE REPORTS 

Case 1. — A. S., a 37-yeiu--okl man, was seen on ilarck 30, 1938, because of 
irritation in the perineum of one year’s duration, and purulent discharge from 
a recurrent sacrococcygeal sinus. The past history included a carbuncle of the 
neck which occurred six years before and was controlled by radiation therapy, 
and an excision of the sacrococcygeal cyst two y'cars before which remained healed 
for about two months. Since then he has had a continuous discharge from the 
operative wound. Examination was normal throughout except for the presence 
of an induration and reddening of the perineum with a small carbuncle on the 
left side, 3 cm. from the anal orifice, and a recurrent sacrococcygeal sinus with 
three openings in the scar. The sinus measured about u cm. in length and extended 
cephalad. It was felt that purulent discharge from the sacrococcygeal sinus caused 
the cutaneous perineal lesion. Tlie possibility of osteomyelitis of the coccyx was 
entertained but could not be ruled out definitelj’. After failure to effect improve- 
ment through better hygiene and topical medication, radiation therapy was decided 
upon. A total of 675 r. (125 kv. unfiltered) was given to the perineum and the 
sacrococcygeal area over a period of two months. The sacrococcygeal sinus closed 
shortly before the cessation of treatment and remained closed for about five months 
when the patient disappeared. 

Case 2. — R. A., a 2-i-year-old man, was seen on hlay 4, 1938, because of per- 
sistent purulent discharge from a recurrent sacrococcygeal sinus which was asso- 
ciated witli moderate pain. Excision of a sacrococcygeal cyst iiad been performed 
about fourteen months before. The physical examination was normal except for 
an opening in the sacrococcygeal area 1 cm. in diameter, with excoriation of the 
posterior perianal skin. He was given radiation tlmrapy, 650 r., over a period 
of six weeks. The sinus has remained closed to date. The scar appears to be 
softer in quality and more bluish in coloration than those commonly observed else- 
where. There has been no pain since the closure of the sinus. 

DISCUSSION 

The first ease herein reported is of speciai interest. The concomitant 
cntaneons iesions in the perineum did not respond to simple topical 
treatment. Therefore, radiation therapy to the perineal and saerocoe- 
eygeal lesions was given a trial. After a lapse of eight weeks, during 
which time 675 r. of unfiltered radiation therapy were given by a 
dermatologist, the perineal cutaneous lesion showed mai’ked improve- 
ment, and the sacrococcygeal sinus closed. Lack of prolonged follow-up 
studies makes it impossible to state the final outcome in this instance. 
The foregoing observation, however, led to further clinical investigation, 
and to this presentation. 

Because of the gradual improvement observed during the course of 
radiaLon therapy in tlie first instance, another patient with a recur- 
rent infected saeroeoccygeal sinus (Case 2) was subjected to similar 
therapy. After the administration of the 250 r., there was cessation of 
the purulent discharge. 

Two additional cases of recurring, infected sacrococcygeal sinus were 
subjected to radiation therapy. One case received a total of 825 r The 
remaining cases required less than 700 r. The wounds all healed v-ithin 
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cdliber oi work of tlio good surgeon. By the same token, excellent re- 
sults taro not always obtained in the hands of the average surgeon. To 
evaluate the present status of this })roblein, Ivlcekner,° by means of a 
questionnaire sent to the leading proctologists of the United States, at- 
tempted a statistical study to show their experience with the choice of 
operation and the incidence of recurrence of the lesion. He found that 
there were recurrences in 48 instances (1.13 per cent) in 4,231 cases 
^vllcre c.xcision and packing had been done. This is indeed a very ex- 
cellent record. Rogers and Dwight,'’ utilizing excision with cautery and 
packing, reported only 2 failures in a series of 140 consecutive, unse- 
lected, now and recurrent eases. In spite of their meticulous postopera- 
tive care, they encountered complications including abscess fonnation 
in G eases. In a [U’evious communication Rogers” reported a recur- 
rence of 30 })er cent in the traced eases following radical block resection 
with packing. HcICirdie* reported a series of 87 patients who were 
operated upon by 24 different surgeons at the teaching hospital of the 
University of Iowa Hedieal School. Sixty-mre cases were followed. He 
found a recurrence in 7 out of 11 patients (G3 per cent) where wide 
excision with packing was employed. This operative approach was used 
chiefly in the treatment of recurrent cases. 


Utilizing the operation of excision and primary closure of the wound, 
Gage^ reported 42 of his own and 54 of Strug’s cases without a single 
recurrence. However, superficial and deep infections occurred during 
convalescence. Ferguson and Hecray'* reported 3 recurrences in a series 
of 37 patients (8 per cent) after their modified type of excision and 
primary closure was done. Kleckner’ reported recurrences in 85 out of 
365 eases (23.29 per cent) after excision and primary closure. Not all 
cases in this series healed by first intention ; some wounds broke doivn 


but eventually healed. He also recorded a series of 103 eases of ex- 
cision and primary closure, where, during convalescence, the wounds 
had to be opened for drainage because of infection. These wounds later- 
healed by “open granulation.” In this last group the incidence of 
recurrence was 4.8 per cent (5 cases). McKirdie® obser-ved 14 recur- 
rences (31 per cent) in 45 follorv-up patients in whom excision and pri- 
mary closure rvith drainage were performed. It should be interpolated 
that primary closure is usually done on favorable cases. This fact not- 
withstanding, primary closure is sometimes followed by disastrous com- 
^Peotions such as widespread gangrene of the wound and surrounding 
£l»,«clby.,..a.v«bico,8a..isn,s.-.- 

T7rom the foregoing it is obvious that recurrences follow almost all 
tvues of operations. There are but few and fragmentary figures deal- 
ng with recurrences following operations upon recurrent eases. 

^ - 1 , • „ niqp histories are reported because they suggest effee- 

The follomiio follow-up period ba.s been 



THE CONSERVATIVE MANAGEMENT OE SIGMOIDOSCOPIC 

PERFORATION 

Myron A. Saluck, M.D., New York, N. Y. 

(From the Mount Sinai Hosintal, Service of Dr. John H. Garloch) 

F REE intvaperitoneal penetration of the rectum or sigmoid during the 
course of instrumental examination is always a serious accident. The 
occurrence of this complication, when recognized, is genei'ally held to 
call for immediate laparotomy for closure of the perforation. Even 
when operation is performed early, the mortality rate in these eases is 
high. When operative treatment is attempted after an interval of sev- 
eral hours, the outcome has proved almost invariably fatal.^ 

The grave prognosis usuallj'’ attendant upon the customary ' surgical 
handling of sigmoidoscopic perforation mei'its the recording of a case 
of this type successfully treated hy conservative measures. This experi- 
ence, although limited to a smgle ease, is reported in the belief that, 
under certain circumstances which will be defined below, expectant 
measures may be preferable to operative treatment. 

CASE REPORT 

K. K., female, aged 70 years, was admitted to tlio Mount Sinai Hospital on 
the surgical service of Dr. John H. Garloek in the afternoon of August 26, 1937 
(Hosp. No. 413308). 

About three hours previously, she had been sigmoidoscoped by an experienced 
gastroenterologist. During the course of this examination, the patient had sud- 
denly experienced intense left lower abdominal pain accompanied by severe cramps. 
The physician at once suspected the possibility of ruirture of the bowel, withdrew 
the instrument, and referred the patient for hospital admission. 

Sigmoidoscopic examination had been undertaken in the attempt to determine 
the source of bleeding from the lower intestine which had occurred intermittently 
for two years. Earlier studies by barium enema and proctoscopy had been negative. 

Examination. — The patient wms seen on the ward shortly after her admission 
to the hospital. She was a small, poorly nourished, pale, rather feeble, elderly 
woman in moderate discomfort. Her rectal temperature was 99° E.; the 
blood count was 11,800 white blood cells, with SS per cent polymorphonuclears. 
Her abdomen was full but not tense. Generalized tenderness was present. There 
was no muscular rigidity; uo palpable masses could be found. There was no 
dullness in the flanks or fluid wave. Liver percussion was normal. 

A scout abdominal x-ray film had been taken with the patient upright. This 
was reported to show no evidence of free intraperitoneal gas. 

Course. In view of the patient's generally poor physical state, together with 
the absence of definitive local signs or systemic reaction, conservative management 
was decMed upon although it was felt that there had moat likely been a visceral 
perforation. General supportive measures were instituted. 

On the following afternoon the patient’s temperature rose abruptly to 102.4°. 
Sio complained of pain in the right shoulder and an increase in lower abdominal 
discomfo rt. Distention was more niarhed. No flatus had been passed. Liver 
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a period of two nioiitliij. TJio quality of the scar tissue in all eases ap- 
peared to be inferior to that observed in wounds elsewhere in the body. 

Dui’in'*' and after the period of radiation therapy, rigid hygiene of 
the infected and neiglilioriug parts was insisted upon. To date there 
have been no reeurrenees. Siiould recurrences take place, a second 
course of radiation therapy may bo considered. It is conceivable tliat, 
wJicn all branches of the sinus or ectopic epitludium arc incompletely 
removed during the original operation, radiation tlierai)}" maj' fail, and 
reoperation may become necessary. 

For the preparation of this article a ])erii.sal of the literature was 
made and only one i)aper dealing with radiation therapy in this condi- 
tion was found. Smith*- used radiation therap 3 ' in two eases postopera- 
tively with good results. Our technique of administration was e.sscn- 
tialb"- the same as that used by him, but our dosages were larger. 

SU.AOUKV 

1. Eadiation therapy is advocated as a substitute for operation for 
the recurrence of infected sacrococcygeal sinus. Illustrative case re- 
ports are given. 

2. Eeoperation may be indicated in cases where branches of the sacra- 
coccygeal sinuses or ectopic epithelium were incompletely removed at 
the original operation. 
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lueut was noted. Flatus had been passed per rectum spontaneous])’. Tlie tem- 
perature was at a lower level. The abdomen was somewhat softer, although dis- 
tention and tenderness persisted. On September 1, the sixth hospital day, the bowels 
moved, with the evacuation of a large amount of fresh fluid blood and a huge 
clot. By rectal examination, a broad area of pelvic induration was found. Rectal 
bleeding continued on the following day. The ■ hemoglobin fell to 50 per cent. 
Transfusions of citrated blood were given on September 1, -1, and 6. From then 
on gradual improvement continued. The patient was discharged home on Sept. 
12, 1937, seventeen days after her admission to the hospital. The pelvic mass was 
diminishing in size but was still firm. The patient was afebrile. 

Subsequent roentgenologic examination by barium enema failed to show any 
definite evidence of organic lesion in the sigmoid colon. The patient was last 
heard from on March IS, 1939, about one and one-half years after leaving the 
hospital. She then felt well and was doing her own housework, but still had 
occasional rectal bleeding which had not been further investigated. 

COJIMENT 

Eveii ill the most skillful hands, poi-foration during proctoscopy and 
sigmoidoscopy can and does occasionally occur. It is an unfortunate 
commentary on the status of medical recording that these accidents go 
practically unmentioned. Reports of traumatic rupture of the lower 
colon from other causes are numerous. Instances of impalement, com- 
pressed air blowouts, and foreign body and enema tip penetrations are 
frequently cited. Yet thorough search disclosed only two case reports 
in the American literature dealuig directly Avith proctoscopic perfora- 
tion.=’ ^ Of these cases, one, in Avhich laparotomy rvas done, resulted 
fatally, and the other’, treated expectantly, recovered. Another patient 
w'ith this complication, in England, failed to survive operative treat- 
ment.'* In the foreign language journals, also, case reports of this com- 
plication are infrequent.®* ® 

The most comprehensive article on this subject is by Crohn and 
Rosenhak,^ rvho collected, among other types of traumas arising out of 
sigmoidal raanipirlation, thirty-nine cases of ruptrrre resulting from 
sigmoidoscopy. These eases were compiled from the literature and per- 
sonal observations, but chiefly by questionnaire. In tabulating results, 
these authors did not differentiate betrveen sigmoidoscopie perforation 
and that due to therapeutic and otlier diagnostic procedures. Their 
findings indicate a mortality of about 50 per cent, even with immediate 
operation. Of the patients operated upon seven or more hours after 
perforation, there was not a smgle recovery in five cases. 

There vyere four eases of sigmoidoscopie perforation treated on the 
ward services of the IMount Sinai Hospital during the j*ears 1933 through 
1938. Of these patients three ivere admitted to the hospital with this 
complication, and there ivas one instance in which the accident occurred 
to a patient already in the hospital. Operation was carried out in three 
eases, with one death and two recoveries. One patient, whose ease his- 
tory IS given above, was treated successfully without operation. It is 
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dullness was ao,v obliterated Loe-.I t i 
(FiB. "» 



With the definite establisliment of tlie di-i<Tnn«;= • 
the face of signs of increasing peritoneal irritation perforation and in 

intervention was again considered. The case «^3 d’isenssef brSf^staff '“'f 
was agreed that operation should be withheld. The fnllr,,..: ’ “““ “ 

to justify this decision: The patient was a poor surn-ieal''Lr''*^°” 

It might prove difficult to locate the perforation and to close it ‘ particuhrirS 
a neoplasm were present, necessitating a prolonged operation Since m tl 
twenty-four hours had already elapsed after the accident, the likelihood “Henefit 
from operation seemed small. The natural defenses of the peritoneum to the 
spread of infection would be disturbed by the manipulation. It was felt thar 
with continued conservative and supportive measures, the patient might "^localiL’ 
the infection. 

Accordingly, the method of treatment was not altered. The ne.xt morning, the 
patient seemed slightly better. On the third day after admission, definite improve- 
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tract, the administratioii of parenteral fluids, and, in some instances, 
repeated blood transfusions. Close observation is essential so that com- 
plications such as hemorrhage and the development of localized abscesses 
may be promptly recognized and eared for efSciently. Essentially this 
means that accidents arising out of sigmoidoscopy should be individ- 
ualized and not treated I'outinely. Only in this way can the present 
poor results be improved. 


CONCLUSIONS 

1. Perforation of the bowel during sigmoidoscopic examination need 
not neeessai'ily call for immediate abdominal exploration. 

2. The mortality rate in eases opei’ated upon for this complication 
is high. 

3. The fact that the lower colon has usually been thoroughly cleansed 
prior to the examination makes gross contamination of the abdominal 
cavity unlikely. 

4. The ability of the peritoneum to take care of infection that is not 
overwhelming deseiwes consideration. 

5. Eeeovery can occur through the employment of expectant and sup- 
portive measures alone. 

6. In aged and poor-risk patients with sigmoidoscopic perforation and 
in eases where there has been a delay of several hours in establishing 
the diagnosis or in instituting treatment, conservative rather than opera- 
tive management is suggested. 

Acknowledgment is made to Dr. H. jSTeuhof, Dr. R. Colp, and Dr. A. Hyman 
for the privilege of including, in this report, a case from each of their respective 
services. 
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parietal, 2 ; and temporal, 2. The locations of tumors producing down- 
and'back shift were; frontal, 4; frontotemporal, 1; temporal, 1; 
frontotemporoparietal, 1 ; and pituitary adenoma, 1. The location of 
the one tnmor producing an upshift was in the sella turcica, a pituitary 
adenoma. 

It is instantly apparent that any aid in the localization of brain 
tumors which is roughly dependent upon a postadoleseent age in the 
subject is valueless in that large group of tumors occurring in adoles- 
cence and preadolescence. Furthermore, either from a priori reason- 
ing or from the data presented, there appears to be little hope of 
assistance in those tumors which lie below the tentorium eerebelli. 
However, a priori reasoning might lead one to expect assistance in the 
localization of supratentorial tumoi's. From tlie data presented, how- 
ever, it seems that this is only true in lateralizing the tumor, a feat 
sometimes difficult but more often quite sure. Unfortunately, here 
again ive must subtract from the value of the pineal shift since in 
the anteroposterior views the calcified gland is vieived in its narrowest 
diameters and positive identification is further made difficult by over- 
lying shadows of frontal sinuses and their trabeculae. Also in 2 of 
the 14 cases herein presented the shift was actually toward the 
side of the lesion. Regardless of the location of the tumor, pineal 
shift in the lateral roentgenogram is almost always back, down, or 
both. The reason for this fact is not immediately apparent, but it is 
supposed that the stereotyped shift is a function of the semirigid 
crescentic falx cerebri which must direct any expanding force on 
either side of it downward and backward in the direction of the most 
free space. 

Conceiming the type of tumor most likely to produce pineal shift, 
little can be said from these data other than that the gliomas, the 
most frequent type of tumor, are closely followed by the meningiomas. 
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It may be that there is a field for punch and aspiration biopsy. Cer- 
tainly there is no harm in trying to make a diagnosis in advanced or 
inoperable malignancies by these methods. The physician may get 
enough idea of the nature of the groniih to formulate a rational treat- 
ment. This may save the patient unnecessaiy radiation, for example. 

It has not been my fortune to find either of the above methods other- 
wise to be especially useful. In my experience the material gained by 
these procedures is sparse. A few clumps of cells, with much granular 
debris and a scattering of red blood coi’puseles, makes an interesting 
guessing contest with the odds slightly in favor of cancer over the field. 
The cell clmnps often look more like musical notes than any Idnd of 
pathologic picture. There is no pattern by which iirfiltration of normal 
structures may be realized. The cellular detail is poorly defined. Occa- 
sionally a clump of cells may be identified as cartilage, fat, etc., but it 
would be a risk to the patient and to the surgeon to detei’mine the treat- 
ment by this evidence alone in most cases. Of course, it is now consid- 
ered good form to tiy some radiation treatment first. This being done, 
the diagnosis is effectively scrambled until recrmrence or metastasis 
clarifies the nature of the original picture. 

From this it may be inferred that I have a personal prejudice against 
the newer methods of biopsy. My own conviction in the light of experi- 
ence is that the old fixed tissue stains give the greatest accuracy ; that 
frozen tissue sections come next but are mimh inferior and that the sur- 
geon had better place more reliance on his gross picture in doubtful 
cases ; that punch biopsy stands still lower in the scale ; and that aspira- 
tion biopsy is least reliable. It takes a good deal of guessing and imagi- 
nation to state accurately what the material really is in the latter two 
types of biopsy. This may be due to inexperience on my part, but the 
most I have been able to do with these methods is to report "malignant,” 
“cartilage," “fat,” “no diagno,sis,” which are rather broad generaliza- 
tions with little accurate information. If there is enough question about 
a diagnosis to wai’rant a biopsy, why not get a real specimen of the tis- 
sue for examination? If the patient has some inoperable, advanced 
malignant condition, on the other hand, suction biopsy may be all that 
is necessary to satisfy the ciu’iosity of the attendant. 

— John J. Morton, M.D. 

Roehestei, Jf. y. 


Training of the Clinical Pathologist 

AT THE TURN of the centuiy and up until 1920 there were very 
^ few clinical pathologists. With the evolution of medicine and with 
the development of various laboratory procedures, the field of the pathol- 
ogist broadened so that, while tissue pathology was still the major field, 
the supervision and in many instances the actual work in other labora- 
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E very now and then, and lately it seems with increasing fre- 
quency, a section of tissue is brought for microscopic examination. 
This is done on the assumption that a surgeon who is constantly remov- 
ing diseased portion.s of the human anatomy also must know something 
about the differences between the normal and the pathologic appear- 
ances under the microscope. T]>ere is a measure of truth in this, pro- 
vided that the surgeon has a natural curiosity about the reasons for his 
being a surgeon. And a goodly number of sux’geons have acquired 
proficiency as pathologists, some even being rated as experts in spe- 
cial fields. 

The main difficulties in microscopic diagnosis are centered about the 
granulomas and neoplasms, since the acute inflammatory lesions rarely 
cause trouble. From the time of Virchow, patliologists have been accus- 
tomed to prepare sections for examination so that a generous slice of the 
material can be shown. This fixed type of tissue block requires time for 
dehydrating and staining. Tlie end result is a distorted desiccate of the 
original cells, but it gives a picture of the relationship to the surround- 
ings, a very important requisite in the determination of malignancy. 
It is' true that there have been pathologists in the past who have claimed 
to be able to diagnose malignancy from a single or a very few isolated 
cells. The majority of pathologists, ho^vever, do not assume this ability 


for themselves. 

Attempts to study the cells with vital stains have been carried out. 
This would appear to be a logical method, but so far, except for the blood 
cells and some brain tumors, little has been done with it. It has not 
o^ained a hold as a popular metliod for the study of pathologic material, 
'"'in an endeavor to speed up reports on suspected material, several 
methods have come into being during recent years. In addition to frozen 
sections we have the punch biopsy in which a fragment is speared, 
hooked and then severed by the outer sheath of a hollow needle ; and 
the asoiration or suction biopsy in which a hollow needle is introduced 
^to the suspected mass and suction made with a syringe so that some 

mltokl is clmvE up i»t» «■« 

slide, stained, is variable. Sometimes a diaenosis is 

Ithersections^ nothin!! definite ean be said. Tb. sur. 
easily made, f . . practically every instance from the gross 

geon can make a J accurate observer, 

appeavauee atoe rf he 
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Specific Therapy in Acute Staphylococcal Sepsis 

T he ubiquitous staphyloeoc-cus is a biologic agent that causes a 
variety of infections, ranging from a relatively bejiigu pyodermia to 
a fulminating and fatal septicemia. While most staphylococcal infec- 
tions occur as localized lesions, occasionally the local defense mechanism 
breaks down, resulting in a blood stream invasion and the establishing 
of metastatic foci. The invasiveness of tlie staphylococcus is dependent 
upon certain characteristics of the bacterial cell, and at times upon 
potent exotoxins elaborated by the organisms. Consequently, staphy- 
lococcal bacteremia and septicemia should imply not only the presence 
of viable bacteria in the blood, but also their toxic soluble products. In 
general, the aim of therapy in acute staphylococcal sepsis is to keep 
the infection localized, and to prevent the dissemination of organisms 
and toxins through the tissues and )>lood. 

It is generally recognized that a persistent bacteremia is attended by 
serious consequences for the patient. The mortality rate is high. Death 
is often due to an overwhelming toxemia. In recent years many in- 
vestigators have attempted to elucidate the features of antibacterial and 
antitoxic immunity in patients with staphylococcal infections. Interest 
in the toxin-antitoxin relationship was heightened by the Bundaberg 
disaster of 1928 in which a number of children died shortly after being 
injected with diphtheria toxin-antitoxin. It was found that the bottle 
containing the prophylactic had been contaminated with staphylococci, 
and the recipients had been killed by a lethal staphylococcal exotoxin. 
Since then, through the work of Burnet, Dolman, Stookey, and Burky, 
the exotoxins of staphylococci have been more clearly defined. At the 
present time, many recommend the use of a potent staphylococcal anti- 
toxin in the treatment of acute sepsis with bacteremia. It has been 
shown that the survival period is prolonged in animals injected intra- 
venously with living staphylococci and treated with antitoxin as com- 
pared to untreated controls.’" ^ Encouraging clinical results have been 
reported by those treating ])atients with antitoxin. It would appear that 
the antitoxin has a beneficial effect on the acute toxemia but that it 
does not prevent the e.stablishment of metastatic lesions. It must be 
admitted that the antitoxins now available have a limited therapeutic 
value, and some patients are not apparently benefited by their use. 
This may be due in part to the fact that highly invasive strains of 
staphylococci may produce little or none of the soluble factors which 
the antitoxin neutralizes. Furthermore, the antitoxin has no demon- 
strable effect upon the living bacterial cell; in other wmrds, it is not 
bactericidal in its action. One of the soluble factors elaborated by prob- 
ably all pathogenic strains of staphylococci is leucocidin. This a»ent 
is destructive for leucocytes, and, since the role of phagocytosis is so 
important in the defense mechanism against staphyloeoeei, it lias been 
suggested by some investigators that the most valuable antitoxin wonid 
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toiy branches had to be done by that individual. In all except the 
largest hospitals today the pathologist is expected to supervise hematol- 
ogj’’, serology, baeteriologA', parasitology, biochemistry, and the rapidly 
expanding field of hormone and endocrine assay ■which requires the co- 
ordinated application of bioehemistr'y, phj^siologj’', and pathology. Ob- 
viously the average hospital cannot afford specially trained experts in 
each of these fields, so that the practical solution is through the use of 
the clinical pathologist. 

Conversely, the clinical pathologist cannot be an expert in all of the 
aforementioned subjects but docs need more instruction than is offered 
in courses leading to the degree of Doctor of iiledicine. A casual sur- 
vey reveals very few medical schools or hospitals in the United States 
prepared to offer training in tissne pathology and simultaneously the 
additional training either to do or to supervise the work in the related 
subjects. In many hospitals associated with medical schools, special 
laboratory procedures are carried out by that division in the school. 
With only a few exceptions, clinical pathology is taught to medical stu- 
dents by the department of medicine and in many instances with com- 
plete disregard of the correlation which might be had in subjects funda- 
mental to clinical pathology. As an example, it is not unknomi or 
unusual to have one hypothesis and nomenclature of blood formation 
taught in histology, and a second in pathology, only to have both upset 
by the introduction of a third in clinical pathology. 

As a prerequisite to special training in clinical pathology, a general 
rotating internship should be required. It should then be possible in 
three years of graduate work, devoting the major part of time to pathol- 


ogy, to have both formal courses and practical laboratory train- 
ing in the other basic branches. Contact with patients should be en- 
couraged, since freqiiently the proper interpretation of laboratory data 
depends on the correlation of clinical and laboratory findings. 

It should be possible in at least the majority of class A medical schools 


for the department of pathology, in conjunction with other departments 
of basic sciences, to arrange courses of graduate instruction designed to 
oive at least the knowledge for supervisory capacity. All medical schools 
should be able to offer the work in bacteriology and biochemistry, but 
there are many schools in which courses in hematology, serologs^ and 
arasitolo"-y are both inadequate and unsatisfactory. However, for at 
least five years, under the auspices of the American Society of Clinical 
P tholocists refresher courses have been presented in tissue pathologj^ 
hematology which have seiwed as a valuable medium of instruction 
a f ufilled a definite need in this regard. There is imperative need 
and fu ‘ f^. jucdieal schools to offer 

. «-ainn.S clmieal pathologists svhiel, ,vill bo oo » 


^Frnnh J. Tied:, 


Rochoatcr, 
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miue has remained iii favor from yeai* to ycav. Oceasioiiallj’’, an individ- 
ual with a serious staphylococcal septicemia lias recovered following 
treatment ivith neoarsphenamine. This sequence of events has also 
occurred in patients who have received no specific therapy. It would 
appear that the most promising results with neoarsphenamine are ob- 
tained in patients with infections involving the urinary tract. Un- 
fortunately, little is known about the mechanism of the action of neo- 
arsphenamine. 

With the introduction of sulfanilamide and related compounds into 
the therapy of infectious diseases, it was the general hope that at last 
an effective specific agent or agents were available for the treatment of 
staphylococcal sepsis. The dramatic entrance of prontosil into the 
medical world was in the form of a report on its successful use in the 
treatment of a patient naving staphylococcal septicemia. Such hopes 
were short lived. It is now generally agreed that, whereas prontosil and 
sulfanilamide are effective in the therapy of staphylococcal infections 
of the urinary tract, they possess little value in the treatment of deep- 
seated lesions and septicemia. Attention should be called to the im- 
portant observations of Carpenter and Barbour,'’ who, in well-controlled 
experiments, found that mice were protected against lethal doses of 
staphylococcal exotoxin when tlie toxin was mixed with sulfanilamide 
before injection. 

Clinical and experimental data are accumulating, indicating that 
sulfapj'ridine is of considerable therapeutic value during the acute 
stage of staphylococcal septicemia. Long and Bliss' have stated that 
sulfapyridine is the most effective chemotherapeutic agent that we 
possess against such infections. This statement is voiced bj^ others. 
It has been shown that mice infected witli lethal doses of staphylococci 
and then given sulfapyridine survive for much longer periods of time 
than normal controls or those given sulfanilamide.® In vitro studies 
reveal that botli sulfanilamide and sulfapyridine have a bacteriostatic 
and bactericidal action upon many strains of pathogenic staphylococci 
when added to whole defibrinated blood.® The effects are more pro- 
nounced with sulfapyridine. In treating patients with sulfapyridine, 
it has been found necessary to maintain the level of the drug in the 
blood between 10 and 15 mg. per 100 c.c. for several days. The clinical 
results are less striking than those that are observed in the therapy of 
pneumococcal and streptococcal infections. Because patients may tol- 
erate sulfapyridine poorly when it is given orally, it is often expedient 
to administer the sodium salt intravenously. In conjunction with sulfa- 
pyridine therapy, frecpient transfusions may be necessary, and localized 
lesions should be drained at the proper time. Several patients at the 
Ihuvorsity of Minnesota Hospitals with severe staphylococcal septicemia 
have been treated with snlfap>T:idine. The results have been most 
encouraging. It should be pointed out that the exhibition of the drug 
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lie ono containing' a Jiigh titer of antilcucocidin. JSuch an imniiine serum 
would be indirectly anlibaelerial, as well as antitoxic, since tlie organ- 
isms arc prosunuibly killed bj' being phagocyted. Antitoxins used in 
tiiis country have little or iio antiieucoeidin. Valentine and Butler^ 
in Enghind liave recentl}’' reported on the therapeutic use of a serum 
containing antiieucoeidin, and the product merits further trial. 

ilanj’^ attempts have been made to inti'oducc into patients therapeutic 
agents that ■will have a direct effect upon tlie organisms. While some 
of the procedures appear valid, experimental evidence concerjiing their 
bactericidal action is lacking. A metliod of serotherapy that is often 
used is the transfusion of a patient with the blood from an immune 
donor. This donor has cither been actively immunized with organisms 
isolated from tlie jmtient, or has recently recovered from a staphylo- 
coccal infection. While patients recovering from a stapliylocoeeal septi- 
cemia have a high titer of antitoxin in their blood as compared to nor- 
mal individuals, it would appear more reasonable to use the more potent 
commercial antitoxins obtained from immunized animals. There is sug- 
gestive evidence, however, that convalescent Iniman sera, in addition to 
antitoxin, have precipitins and agglutinins for the staphylococcus. But 
the results of this form of tlierapy in general have been discouraging, 
and more precise immunological and clinical data on tlie value of im- 
mune ti'ausfusions in staphylococcal sepsis are needed. 

Julianelle'* has recently presented encouraging results in the treat- 
ment of patients with staphylococcal septicemia using an immune rab- 
bit serum. He had previously foiuid that all pathogenic strains of 


staphylococci possess an intracellular polysaccharide, wJiich is different 
from the polj’-saccharide present in nonpathogenic strains. He had also 
observed that onty the sera of patients recovering from severe staphy- 
lococcal infections contained precipitins for the specific carbohydrate 
of pathogenic staphylococci. On the basis of these observations, he ad- 
ministered to a group of patients witli staph 3 dococcal septicemia an im- 
mune rabbit serum containing a higli titer of precipitins for the carbo- 
hydrate fraction of staphjdoeocei. This type of therapy appears rational 
and merits further investigation on a larger group of patients. 


Several enthusiastic clinical reports are available concerning the use 
of staphylococcal bacteriophage in tlie treatment of severe sepsis. It 
• difficult to correlate these clinical findings with the indifferent results 
\ied ill animals experimentally infected and treated with baeterio- 
exnerimental evidence would indicate that bacterio- 
phage. actually be harmful.® There is an urgent need for 

phage 1 P observations in liuman beings to whom bac- 

Sophare is exhibited before this form of therapy can be accepted for 


general use. .....npntic agents have enjo.ved their era of popularity 

Tario.sch.motta*.pe«W ^ 

in the treatment ot stap».> 
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.MISCELLANEOUS 

Preanesthetic Medication . — 

Aiuis; Anesthesia is coneoriied not only with protecting the patient 
from pain during surgical operation, but also from fear of the opera- 
tion. Alexander and Cullen (1936) discuss these points. Aims of 
preanesthetic medication are to bring about a minimum of fear, a 
maximum of confidence, depression of general metabolism, obtundation 
of reflex irritability (without jeopardizing the vital processes), and 
fortification against hazai'ds of the operation or anesthesia to be undei’- 
gone. In principle at least, these aims are as old as surgery itself. In 
ancient times mandragora and Cannabis indica were employed to dispel 
fear and later pain. In 1869, Claude Bernard demonstrated the value 
of preanesthetic medication (See PrAvathmey’s textbook) in laboi’atory 
animals. 


Intravenous Morphine: While morphine sulfate has been used 
therapeutically for nearly 140 years, it is only comparatively recently 
that it has been used intravenously. About ten years ago the method 
began to be popularized in Europe. Betlaeh (1937) describes the sensa- 
tions produced by intravenous morphine: “Some complain of dizziness, 
tinnitus, tachycardia, and a feeling of ivarmtli. Fainting with a quick 
recovery occurs rarely. Vomiting follows intravenous injection less 
frequently than subcutaneous administration. ...” At the Mayo Clinic 
from Yq to % grain is dissolved in 2 e.e. ivater and injected under 
sterile conditions; first about grain is slorvly injected, and then 
thirty seconds are allowed to elajise. If no signs of idiosyncrasy have 
appeared, the drug is then injected very slowly until the desired effect 
IS obtained. Chief uses for the intravenous administration of morphine 
are: as an adjunct to regional anesthesia, for analgesia in peroral 
endoscopy, as a supplement to a Availing spinal anesthesia, for the rapid 
control of visceral colics and cardiac pain, for preoperative mediea- 
mn^ m emergencies. The advantages of intravenous administration 

needed aclministered at the moment 

ein 1 ’ '‘'■e immediately obtained, and the dose 

can be regulated accurately. m uose 

of morphine, scopolamine, and 
This stud'v oV^ ' to prooperative medication and pain relief 

^tud> ot preancsthetic medication is to be reported in cletail later; 
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iiuiy not prevent tlie formation of nietiistatie lesions. !:>nlfai)yri(line 
does not appear to have any effect upon clironic lesions, such as osteo- 
myelitis. Whether stapJiylococeal antitoxin should be used along with 
sulfaiDyridine has not been established. A priori, it would seem that 
both should be given on the grounds that circulating exotoxin would 
be neutralized by the antitoxin. 

Sulfapj'ridine offers a more hopeful outlook for patients with acute 
staphjdocoecal septicemia than we have had in the past. The rapid 
developments taking jDlace in the field of chemotherapy will undoubtedlj' 
find new chemical derivatives which will Im less toxic, and probably 
more effective against tlie staphjdococcus. Promising drugs now under 
investigation are sulfathiazole and sulfametliylthiazole. Serotherapy 
will command more attention in the future. It is not unlikely that 
potent antibacterial and antitoxic sera will be available and will be 
administered simultaneou.sly with some of the newer chemotherapeutic 
agents. 
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last three is undoubtedly governed by the factors of alveolar ventila- 
tion, pulmonai’y blood flow, and the air-water disti’ibution ratio (Wid- 
mark, Haggard). However, the final rate of elimination of the lipo- 
tropic substances, after a thirty-minute transition period, is determined 
primarily by the slow rate of diffusion of the substance from the fat 
deposits in the body (Ruigh [1939]). The final rate of elimination of 
an anesthetic agent which has a high oil-water ]pai’tition coefficient is 
regulated chiefly by the duration of the anesthesia and the quantity 
of fat present in the body. 

Barbitiwates : In any consideration of the barbiturates, several points 
are of interest: Why do some of the compounds act more quickly than 
others, even though all have been administered intravenously, and why 
does prolonged action occur in some cases but not in others? In an at- 
tempt to explain ivhy, upon intravenous injection of the sodium salts 
of barbital and phenobarbital, there is a marked delay in the onset of 
action, whereas with amytal, pentobarbital, and evipal anesthesia is 
produced promptljq Bush (1937) determined the apparent ionization 
constants of these agents. From these, the hydrolysis of the sodium 
salts and the acid-salt ratios at the pH of the blood were estimated; 
however, these values are such that there is no correlation apparent 
between them and the rate of onset of anesthesia. 

Butler and Bush (1939) have considered the effects of N-methyl- 
barbital and of N, N'-dimethylbarbital. The qualitative effects of these 
are similar. Apparent effects of small doses disappear quickly; but, 
following the administration of large doses, the first severe reactions 
are followed by prolonged, less intense effects. To account for this 
behavior they have suggested two plausible explanations: First, that 
the rate of inactivation, although initially high, may decrease as the 
duration of anesthesia inei’eases; second, that in the animal body these 
substances may be transformed into less active compounds, these less 
active agents producing the aftereffects of large doses. The second 
hypothesis has been studied exiieidmentally. Shonle, Keltch, Kempf, 
and Swanson (1933) have considered the question of elimination of 
barbitui'ic acid derivatives in the urine. 

They state that a molecule of amytal is five times as effective as a 
molecule of barbital and that a molecule of pentobarbital is ten times 
as effective in producing anesthesia in rats. 

While 90 per cent of small doses of barbital are excreted, only from 
40 to 50 per cent of large doses are excreted in the urine ; so apparently 
the body can break down barbital. 

Because of their large alkyl groups, barbituric acid derivatives such 
as amytal are less water-soluble and more lipoid-soluble than barbital, 
and, therefore, they should be removed from the blood stream by the 
nervous tissue more rapidly than is barbital. 

Amytal and pentobarbital are excreted in the urine of men and doo-s 
on y in traces, if at all, following administration of their sodium salts; 
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Premedication and the Quantity of Anesthetic Ayent Needed: The use 
of premeclication in anestiiesia has several purposes, as pointed out 
above; among these is the aim oJ! lessening the psychic shock to tlie 
patient about to undergo the ordeal of a siu’gieal operation, by tlie 
production of a serene, acquiescent state of mind. When larger doses 
of such agent.s ai’o employed, the aim is to diminish the quantity of 
anesthetic agent necessary to reach a given level of anesthesia, Galderone 
(1935) has measured the ether concentration in dog’s blood at tlie on- 
set of surgical anesthesia, again at the point of respiratory failure, 
without premeclication, and then after morphine in doses comparable 
to those used clinically. The concentrations of ether in the blood, with 
and without morphine, "were practically the same in each case for the 
production of surgical anesthesia or respiratory failure. The same 
result was found after subanesthetie doses of amytal were given as 
preliminary medication. This agent had no effect upon the blood-ether 
concentration necessary to produce surgical relaxation or respiratory 
failure. When doses of this barbiturate great enough to produce anes- 
thesia in their own right were used, a little less ether was required for 
respiratory failure than when ether alone was used. In these bar- 
biturate experiments there was little, if any, summation of effect in the 
clinical range. The additive actions were not striking. The real 
advantage of preliminary medication appeared to be, according to 
these experiments of Galderone, the mental relaxation and repose 
afforded. 

Generalization on the above findings is impossible at this time, and, 
indeed, some doubt is thrown upon their accuracy by the more recent 
study of Bobbins, Baxter, and Fitzhugh (1939), This group studied 
cyclopropane, not ether as Galderone did. Perhaps these tAvo agents 
vary in regard to the effects of preanesthetie medication, but it seems 
unlikely. At any rate, Bobbins and his associates found that in dogs. 
folloAving the use of a dose of morphine considered to be conqnarable 
to that used clinically, the blood concentration of cyclopropane re- 
quired to i^roduce abdominal relaxation is reduced by 48 per cent, that 
required to abolish the wink reflex is reduced by 27 per cent, and 
yet the amount required for respiratory arrest is not reduced at all 
The factor of safety with cyclopropane is thus increased. Similar 
results were obtained with amytal and sodium barbital premedication. 


Elimination of Anesthehc Agents. 

Inhalation Agents: The lipoid-Wood partition coefficients (olnn oil- 
^ c nPtimllv measured) are for the folloiving substances ; acetone, 
olsT’efteB 3.20; cyclopropane, 34.20; divinyl ether, 41.30; el.loroform. 


OO-OO- nhiiiilv of a different order of magnitude than the 

The ^ can be described as lipotropic. The oycraU rale 

ivst two. ‘ and the initial period of elimination for the 

if elimination oi tne 
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thesia, review the literature on the subject. Thej'' describe a technique 
for the estimation of local anesthetics derived from para-amino-benzoic 
acid in cerebrospinal fluid, blood, and urine. Their conception of what 
constitutes the usual concentration of procaine used clinically is exactly 
twice the concentration considered to be the maximum allowable in 
this country. Their studies have been conducted in eats. The 5 '' make 
the interesting observation that, if the spinal anesthesia be repeated 
an hour or two after the return of tendon jerks, the drug disappears 
more slowly and the anesthesia lasts longer. This is interesting in 
regard to the use of the “continuous” spinal anesthesia technique. 

Only from 3 to 5 per cent of the injected dose of procaine (sub- 
arachnoid) was eliminated in the urine of both animals and man, even 
though very large doses Avere administered. 

Their examinations of the lilood indicate that only exceedingly small 
amounts are absorbed. 

Koster, Shapiro, and Leikensohn (1938) have studied the concentra- 
tion of procaine in the cerebrospinal fluid of the human being following 
subarachnoid injection in 122 patients Avho Avere placed in the Tren- 
delenburg position. 


Encephalography With Anesthetic Gases . — 

Ail’d (1936) has Avorked out a pi’oeedure for testing gases for en- 
cephalography in experimental animals (dogs). Nitrous oxide and 
ethylene Avere found to be the most promising and better than air or 
oxygen, he states. He reports true anesthetic effects of some gaseous 
agents administered by the lumbar route. 

NeAvman (1936) employed niti’ous oxide for encephalographic injec- 
tion in patients Avith rather poor radiologic results. No evidence of 
anesthesia or sedation Avas observed. Subsequent headache Avas 
greatly reduced. Better radiologic results Avere obtained Avith ethylene. 
The necessary period of hospitalization Avas reduced from three days 
Avhen air Avas used to 1.85 days Avith ethylene (tAventy-six patients). 
In one subject the spinal fluid pressure Avas folloAved for five hours 
after the injection. After one hour a negatNe pressure of 13 cm. of 
water Avas observed, presumably due to the rapid absorption of the gas. 
This required another hour to return to zero. The possibly serious 
consequences of this pressure change deserve consideration. 

The use of anesthetic gases for encephalography appears to be 
questionable, not only on account of the uncertainty of pain reduction, 
but also because of their extremely rapid rate of absorption Avhich 
subjects the central nervous system to a considerable negative pressure. 
Ihis rapidity of absorption makes it necessary to reinject the "as if 
repeated pictures are required. 


AncsflicUc Agents und Resistance to Pneumococcal Infection.— 

devoted tr’neTr" of papers have been 

piobloin.s concernmg the effect of alcoholic intoxication 
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blit under the siune conditiojis, barbital and plicuobarbital are ex- 
creted as sirch. They suggest that amytal and pentobarbital are 
rapidly and corapletelj^ destroyed in the body. 

These woi’kei'S have suggested that detoxification of the barbituric 
acids might be related to opening of the pyrimidine ring. Butler and 
Bush (1939) showed that such brealcdo^vn product.^ ivere not in the 
two cases studied responsible for tJie i>rolonged effects of the bar- 
biturates. They next attacked the problem of whether the loss of 
physiologic activity of N-Z2iet}tylbarbital and N'methyiphenobarbital 
might be related to the accumulation of demethylated products. They 
showed that the activity of the methyl cojupoinid is ahvays above that 
of the corresponding demethylated eonipoimd. This, as they point 
out, is compatible with the hypothesis that the N-methylbarbiturie 
acids are demethjdated, the reaction progressing- rapidly at fii’st, slowly 
later. Other hypotheses are not necessarily incompatible with the 
data presented; for example, a detoxifying mechanism which involved 
conversion to inactive compounds would be just as consistent with 
the data, if the rate of sucli a reaction proceeded rapidly enough. 

To test the demethjdation hypotliesis, Butler and Bush gave in- 
travenously to dogs injections of pure N-mefhylphenobarbital in anes- 
thetic doses. None of this compound was recovered from the urine, 
but they obtained pure pheiiobarbital (4 per cent of the theoretical). 
Under similar circumstances, hut using N-metlzylbarbital, the pure 
demethylated compound was recovered izi the urine in amoimts up to 
44 per cent of the theoretical, while only from 2 to 3 per cent of the 
N-methylbax’bital was recovered. Butler and Bush present data sug- 
gesting that their yields of demethylated pz'oducts account for the 
disposition of about ozze-half of the N-methylbarbital and about one- 
quarter of the N-methylphenobarbital, thus indicating that demethyla- 
tion ixiust be in large part restxonszble for tlze shorter action of these 


methyl compoixnds. This does not exclude the possibility of othez- 
impoi’tazxt reactions as well. Such appear to be especially likely in the 
case of N-methylphenobaz-bital. The data presented show only the 
average rate of dezuethylatiozi, and the early high rate of detox-ifieation 
may be due principally to some other process. 

This work makes it quite clear that the course of anesthesia midei’ 
the short-acting N-methylbarbiturie acids may be influenced by the 
detoxification products. The piling-up of still active breakdowzz 
. d ets is an undesirable factor liere that must be reckozzed wzth zzz 
consideration of eontinnons or repeated injection procedures. 

11938) states that the same depth of anesthesia was pro- 
, a w thP same dose of evipal in rabbits on repeated anesthetiza- 

(?gW) 


'•ainst this. . 

ne Fate of BniffS Used vi 
ionald (1938)- ® consideim^ 


Spinal Anesthesia: Bullock and Mac- 
the fate of drugs used in spinal anos- 
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The striking observation was then made ^ T^rsam^XHiSant 

developed m any of U.e Micvoscopioally 

results were found under ethei oi leucocytic infiltration had 

it was found in these rabbits tha a m tissues in swarms, 

occurred and that the bacteria were giving i i h t 

whereas in the nonintoxicated ^annuals gieat 

occurred and no bacteria could be found m the 

hours. . . tlip following sentence: 

An outstanding observation is cescr .i^g^l^ed rabbit developed 

“Neither the intoxicated -^bbits nor the -bb^^ 

any lesion whatever at the site o m ec edematous and 

from the narcosis, when there appeaiec the belly 

hemorrhagic lesion which soon spie< anesthesia that much 

Burfaee.” This finding is of such •, desirable 

more checking of the imint in particular interest to 

than has yet been earned out. nnesthesia common under 

know if the finding holds for the prolonged anesthesia 

avertin. + -f no/>tpvin can "row uninhibited by 

Subsequent studies showed that, if bactciia “ . develop- 

the body’s defenses for from three to five hours, inflammat.on 

ins after that may be 7777“, imporlanee and. inei- 

These findings appear to be of cm onestionable wisdom 

dentally, support the attitude of many infection is 

of using alcohol as a therapeutic measure when any 

. „.vviPf! out in vivo to show that alcoholic 

Further experiments were earned o ipnpocvtes It 

intouieation does not impair the phagoeyt.o power * 

was also demonstrated that aleohol i„toa,eat,on or 77'" 

anesthesia produced no effect upon the number of nonmot.le y 

in the blood of man or animals. . <lin'!n(T 

From these studies it seems clear that loss of m.m, n ty du m 
alcoholic intoxication or ether or avertin anesthes.a .s due, not to a 
paralysis of lencocytes, but rather to their fa, ure to em.grate_ It .s 
suggested that this failure to emigrate may be due to an effect o 
anesthesia or intoxication upon the vascular inflammatory mechan, m , 
however, the evidence for this is hy no means certain It seems bctlei 
to let the matter rest by saying that, although the inechanisin is 
obscure, it has been shown that intoxication and aiiest esia ae o 
prevent the usual inflammatory reactions in the tissues. 

Does Ether Anesthesia Protect From Anaphylactic Shoch? 

Iilaiiy attempts have been made to settle exj)erimeiitally the ques- 
tion of whether ether anesthesia will protect from anaphylactic sliock. 
Jilost of these studies were inadequately controlled, so that no positive 
conclusions could be made; yet one frequently hears it dogmatically 
stated that ether anesthe.sia will protect against shock from tetanus 
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peripheral action on the bronchial musculature than to any cential 
nervous system action. In Dale’s theory of anaphylaxis it is assumed 
that anaphylactic contraction of plain muscle is caused by histamine 
or histamine-like substances. Farmer (1938) has shown that anes- 
theties belonging to various chemical groups inhibit the histamine 
contraction of plain musculature (intestinal strips from guinea pigs). 
This inhibiting action of the anesthetics can be enhanced by substitu- 
tion of aliphatic radicals with increasing carbon atoms, substitution of 
a phenyl group, and halogenation. Apparently the inhiliiting action 
is increased by procedures which increase anesthetic potency. It 
seems probable from the data presented that the inhibitory action 
described is due to the relaxing effect of anesthetics upon plain muscle. 

Anesthesia, the Fetus, and the Newhoru Infant . — 

The recent introduction of numerous new sedative and anesthetic 
agents into obstetrics has had much to do with focussing attention upon 
the response of the fetus and the newborn infant to the anoxic effects 
of some of these drugs. An interest in this problem is certainly not new 
in many medical centers; but it is chiefly in the past few years that a 
general aivareness seems to have developed that, with the use of certain 
agents in obstetrics, or perhaps with the unwise use of these agents, 
the infant may pay too high a price for the mother’s comfort, as Dr. 
Irving has put it. Corrective measures have too often arisen only 
after tragic experience. One good result of these experiences has been 
to stimulate an interest in the physiology of the fetus and the newborn 
infant. Profit from such studies extends beyond obstetrics into all 
medicine, for the intelligent interest of obstetricians in asphyxia neo- 
natorum has done much to bring about a general knowledge of the evils 
of anoxia in patients of all ages. 

It has been repeatedly demonstrated that respiratory movements are 
not initiated at birth. The beginnings of respiratory activity were 
recently shown by Bar croft and Barron (1936) to originate early in 
embryonic life. 

They have shown in the sheep (which has a gestation period of about 
157 days) that rhythmic trunlc movements associated with ordinary 
respiration are developed between the thirty-eighth and forty-ninth days 
of fetal life. At this stage they cannot be elicited by asphyxial condi- 
tions of the blood. At about the forty-ninth day the frequency of these 
movements becomes more rapid, and they become more powerful. After 
the fiftieth day the rhythmic movements disappear as a spontaneous 
phenomenon, but stoppage of the blood flow in the umbilical cord will 
elicit them. The article by Barcroft (1938) contains further informa- 
tion. 

The failure to recognize that the fetus has a special physiology was 
responsible for much misconception here. Snyder and Rosenfeld 
a) have amply demonstrated this. They have succeeded when 
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antitoxin, for example. Quill’s repox't (1937) of the death of a patient 
is enough to throw serious doubt on this statement. He describes 
the case of a man who died under ether anesthesia, apparently of 
anaphylactic shock following the administration of tetanus antitoxin, 
at the end of an operation for a giimshot wound of the abdomen. (Un- 
fortunately this ease is confused by the fact that the man had received 
a blood tx’ansfusion.) 

In discussing the paper on Koontz and Shackelford referred to below, 
Harris recalled Dexv's xvoidc on hydatid disease. Dew states: “Owing 
to the abolition of the anaphylactic state by general anesthesia, grave 
symptoms rarely, if evei', occur at opex’ation, even if much hydatid fluid 
is spilt into the woxxnd. There is no doubt that operations on these 
cases under local anesthesia earx-y xvith them some x’isk of anaphylaxis, 
and I have personally observed one patient operated ixpon by a col- 
league in whom a fatal x’esult xvith all the symptoms of anaphjdactic 
shock occurred.” Dexv also says that, if fluid is spilled at the time of 
operation, delayed anaphjdaetie phenomena sometimes appear after 
the effects of the general anesthesia haxm xvorn off. Tropical surgeons 
ai’e said to be so completely eonvineed of the protective action of 
ether anesthesia that it is axiomatic that all operations for suspected 
hydatid disease (including exploratoi-y puncture) should not be done 
under local anesthesia. 

Koontz and Shackelford hax'e made detailed obserxmtioiis of the 
response of guinea pigs sensitixm to foreign protein, xvhen injection 
of shocking doses of the protein, both xvith and without ether axies- 
thesia, have been made. Sixty-fix^e sensitive animals were injected 
under ether anesthesia ; fifteen died. Sixty-nine sensitive animals xvere 
injected xvithout anesthesia; thirty-three died. Of importance also 
is the observation that all of the unanesthetized group that survived 
shoxved marked symptoms of anaphylaxis, xvhile none of the anes- 


thetized group did. Of course, the anesthetic may have masked some 
of the clinical signs of anaphylaxis. The conclusion appears to be 
justified, hoxvever, that ether anesthesia significantly reduces the per- 
centa<»e of deaths from aJiaphylaxis xvhen animals sensitive to foreign 
protein are given shoek-proxmking injections during the period of 
anesthesia. The considerable inxmber of deaths that did oceur even 
xxnder anesthesia nxake it clear that, if the results obtained in the 
i a pio- are transferable to man, it is not a safe procedure to give 
Tcf',Txns antitoxin to patients under ether ane.sthesia xxdthoiit previoii.s 
tests fox- sensitivity. On the other hand, it does appear probable, 
althou-^h certainly not proved, that a patient xvho xx-as scn_shn-e to 
r!!se serum would be less likely to have a reaction if the mjeetiou 
^ while he xvas under ether anesthesia. 

xvere ma Be.sredka’s demonstration that anesthesia may 

Parmer ‘ ,5,ock in guinea iiigs. It has been sugge-sted 

prevent fatal an< p } *inesthetie auents is move likely <lue to 

that this protecting action ot anc. 
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is not initiated in the child at birth but extends far back into em- 
bryonic life. Failure to accept observations made long ago is probably 
due to the fact that fetal apnea may easily be caused by the depressant 
drugs and anesthetic agents used at birth, this apnea incorrectly being 
considered normal. 

It seems plain that respiratory failure of the newborn infant must 
be regarded as suppression of previous normal activity rather than fail- 
ure of some new mechanism to begin functioning at birth. The question 
is not what causes the first breath, but rather, when apnea occurs, what 
factors have caused suppression of the noi’mal activity. 

In recent years great increases in the use of preliminary medication 
at childbirth have made it apparent that much needs to be learned 
about this practice. Clinics lilce that maintained at the Boston Lying-In 
Hospital are doing much to bridge the gap between the pharmacologist 
and the clinician through controlled studies. In that clinic Clifford 
and Irving (1937) have studied problems of analgesia and anesthesia in 
relation to the newborn infant. “The ultimate fate of present methods 
of analgesia may well hinge on the price the infant must pay foy the 
mother 's comfort. ’ ' 

Several pertinent facts are reviewed (loc. eit.) concerning the normal 
physiology of the fetus and the newborn infant. As already described, 
the human fetus makes rhythmic respiratory movements in utero which 
continue as breathing, following birth. In utero the full-term human 
fetus exists normally in a state of cyanosis, with a mean capillary oxygen 
unsaturation (11.1 volumes per cent). At birth the circulation of the 
placenta is impaired by the retracting uterus, with increased unsatura- 
tion of the capillary blood, so that at birth the arterial blood of the fetus 
contains less oxygen than the maternal venous blood. Cyanosis at birth 
is, then, not abnormal ; it becomes so only if prolonged. 

Intrauterine anoxia of the fetus is accompanied by an accumulation 
of lactic acid in the fetal blood. The respiration fails, and the blood 
pressure falls in the presence of severe anoxia. The skin is blanched 
and cold at birth. When such fetuses are delivered at term, the onset of 
i'e.spirations is much delayed or never appeal's. Trauma to the fetus 
through cerebral edema or hemorrhage may produce this same clinical 
picture at birth. 


It has been shomi that respiratory movements of animals in utero can 
be retarded and arrested by morphine, the barbiturates, ether, and 
otlmr drugs. When this is the case, great difficulties are presented in the 
way of e.stablishing extra-uterine breathmg, and these may account for 
pathologic prolongation of the cyanotic state of these newborn infants. 
Such fetuses may be pallid and atonic. 

Ill this study of Clifford and Irving, 410 cases were considered. Usin'* 
the above criteria, 63 per cent of the infants in the pentobarbital-sodimn 
umytal group (260 eases) were physiologically normal, whereas in the 
morphme-pantopon series (100 eases), only 43 per cent were physio- 
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others failed or obtained half truths, by a new approach to observation 
of tlie fetal respiiratory system, new in that they dispensed with the 
complicating factor of anesthetics, except ^vhen specifically studying 
their effects. They employed a technique which involved inhibition 
of labor. They have studied the fetuses of rabbits, eats, guinea pigs, 
and human beings. 

Outstanding findings are that the fetal resioiratory movements are 
depressed or abolished by oxygen %vant.* However, this alone does 
not establish that some oxygen want may not have been responsible 
for the initiation of the movements. It is conceivable that this is true 
and that further oxygen want migJit depress them. Bareroft (1938) 
has discussed this possibility. Snyder and Rosenfeld consider that the 
depression effected by oxygen want is evidence that the carotid body 
mechanism is not functioning in the (rabbit) fetus before birth. 
Carbon dioxide deficit results in depression or apnea of the fetus. 
This shows that a certain level of carbon dioxide is essential to main- 
tain fetal respiration ; yet excess carbon dioxide has little or no effect. 
It is evident from these data that the fetus is peculiar in comparison 
udth the mother ; the failure of oxygen want or carbon dioxide excess 
to stimulate respiration is unlike the adult (unless, of course, the stage 
had then been reached where these factors depress respiration). 

The rate of respiration of the fetus varies according to its stage of 
development. It is several times more rai)id in postmature fetuses 
than in premature ones. 

The respiratory system of the fetus is peculiarly sensitive to anes- 
thesia; respiratory movements of the fetus may be abolished at a level 
of analgesia at which respiration is not impaired in the mother. Ether, 
nitrous oxide, divinyl ether, paraldehyde, pluumbarbital, pentobarbital, 
and chloral hydrate all were found to have depressing actions. Cjmlo- 


propane was found to be the least depressant. Great significance 
must be attached to the finding of the extreme sensitivity of the fetus 
to the depressant effects of the common anesthetic agents. 

Observations of the fetal movements transmitted through the ab- 
dominal wall were made in a series of women near term. (Snyder and 
Rosenfeld, 1937, b.) It was thus possible to recognize unmistakably 
spontaneous fetal movements which continued at a regular rhythm 
for niany minutes. Two chief types were recognized : one is charac- 
terized by a rapid rate (about 60 per minute) and a shallow excursion; 
the other the less common type, appears as a sudden deep excursion, 

, „ glower rate (about 13 per minute). The first resembles thoracic 
‘..p<;mration and the latter, abdominal breathing. 

T? p studies microscopic lung examinatioms, and various experi- 
f 1 studies’ indicate that the breathing of amniotie fluid is a normal 
mental stn ,.pgoivatiou. From the studies available, the eonchi- 

function o± teta P animals, the respiration 

sion is ineseapaDie nmi- 


•Howe''®’’- see 


Bareroft above. 
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0. Eemoval of mucus and debris under direct vision with a laryngo- 
scope is indicated in severe asphj^xia with the placement of an intra- 
tracheal tube in such cases. 

D. The use o£ CO., is probably contraindicated, at least not indicated. 
Eastman (1936, b) has carried out fetal blood studies in an attempt to 
evaluate the role of anesthesia in the production of asphyxia neonatorum. 
The bloods of fifteen infants delivered without anesthesia were used as 
controls. He finds that chloroform (four cases) has no demonstrable 
effect on fetal blood oxygen saturation, but is undesirable because of its 
toxic effects upon the mother. Ether (eight cases) produces a slight 
depression in the fetal blood oxygen saturation, but insufficient to injure 
the fetus. When nitrous oxide-oxygen (twenty-eight eases, various pro- 
portions) is administered to mothers, as 85:15 or weaker, for periods of 
less than five minutes, some fetal anoxia may be produced, but without 
harm to the baby. When the nitrous oxide mixture contains only 10 per 
cent oxygen or less, marked degrees of fetal anoxia occur with occasional 
profound asphyxia neonatorum. 

A study of the effect of obstetric anesthesia upon the oxygenation 
of the maternal and fetal blood has been made by Smith (1939). De- 
terminations were made of the oxygen content of arterial and venous 
blood of women duri 2 ig laboi*. Three groups of mothers and their in- 
fants were similarly studied at the moment of birth during routine 
deliveries under ether, under nitrous oxide-oxygen, and under cyclo- 
propane anesthesia. It was observed that ether anesthesia eleAmted the 
maternal oxygen capacity and the oxygenation of maternal venous 
blood. Fetal oxygenation appeared to be satisfactory. It is interest- 
ing to observe in passijig that all of the patients except one received 
ether hy open cone; notwith.standing this, the blood of the fetus was 
better oxygenated with ether and room air than was the case when 
80 per cent oxygen was used with cyclopropane. 

Under cyclopropane, the maternal blood sbotved considerable eleva- 
tion of oxygenation in both the arterial and vmons samples. Citriously, 
the blood of infants delivered under cyclopropane Avas poorer in 
oxygen than that of those horn under ether, poorer even than that of 
those (reported elseAvhere) delivered Avithout maternal anesthesia. 

Tn this study no definite relationship eonld be observed betAveen 
iiuoxemiu in the fetus and apnea of the ueAvlmrn infant. Petal anoxia 

1. s proba))ly only one of several factors Avhich operate to produce 
apnea. 

Cyelopi opnne was found to he present in the fetal blood in almost as 
high concentration as in the maternal blood ; hut only about one-half 
as much nitrons oxide Avas found in the fetal as in the maternal blood. 

t^niith concludes that, judging -‘by hiochemieal data, cjmlopropane 
as an ob.stetrical anesthetic Avouhl appear to be perhaps less safe for 
tlie mtant than the elinieal appearance of the mother would indicate." 
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logically normal. Active measures oi; rcsiiseitation were required in 3 
per cent of those receiving barbiturates, while 23 per cent of tho.se re- 
ceiving morphine-pantopon required active rnsuseitative nioasiu'cs. Ab- 
normall}'' prolonged cj'anosis was present in 23 per cent of the former 
group, while it was present in 38 per cent of those given an opiate. 
The only two infant deatlis of the study occurred in the pantopon series. 
These and other facts are presented which indicate that the use of 
morphine or pantopon in obstetric analgesia is unsatisfaetoiy for the 
mother and dangerous for the infant. 

Clifford (1934), in a consideration of the obstetric management of 
prematui’e labor (304 premature infants), found that, in every case 
(seven eases) in which morpliine was administered to the mother witliin 
one and one-half hours of delivery, tJie infant died. At birth these 
infants showed embarrassed respiration, and they presented the clinical 
picture of asphyxia, respii-atory center failure. Clifford, in a further 
investigation (loc. eit.), found that, in 850 consecutive in-emature infant 
deliveries, 752 motliers received no morphine within four hours of 
delivery, with an infant mortality of 36 per cent. Ninety-eight mothers 
received morphine within four hours of delivery, with an infant mor- 
tality of 60 per cent. 

Common obstetric parlance describes any baby that fails to breathe at 
birth as “asphyxiated” whether this be due to oxygen lack, cerebral 
hemorrhage, or congenital defect. Eastman (1936, a) prefers that the 
term “asphyxia neonatorum” be applied to infants who fail to breathe 
at birth, because of an inadequate supply of oxygen during labor. 

Irving has shown tliat v'hcn mothei-s received no analgesic drugs or 
anesthesia, 98.1 per cent of the babies breathed immediately after birth. 
When the mothers received nitrous oxidc-o.\p"gen and ether, SO per cent 
of the babies breathed immediately after birth; when the mothers re- 
ceived barbiturate analgesia with scopolamine, rectal ether, or paralde- 
hyde from 50 to 65 per cent of the ))abies breathed immediately after 

birth. 

The work of Snyder and Rosenfeld and others makes it clear that the 
treatment of apnea at birth should consist of an effort In preserve and 
safeguard a mechanism already in active existence. 

Matters of interest to the anesthetist in the treatment of a.sphy.xia 
neonatorum are (Eastman) ; 


A. Posture. 

1 To accomplish the drainage of muons irom the rc.s-pirafory 
■oassae-es (Lowering of 15° from the horizontal is enough.) 
2. Avoidance of any posture which might aggravate a beginning 
cerebral hemorrhage. 

f cm n.O is ncee-ssary to expand the alveoli m tne 

B. A pressure ot m ^ - 

newborn infant’s lung. 
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Levi and Krinksy (1936) report that the intravenous or intra- 
muscular administration of eoi'ainine decreases the duration of post- 
partum anesthesia due to nembutal and paraldehyde used together. 

Whatever the merits or demerits of spinal anesthesia in obstetrics, 
Mallinson (1938) has not presented very convincing arguments against 
the use of spinal anesthesia in pregnant patients. He describes a 
death under spinal anesthesia of such a patient who had one day previ- 
ously experienced a “heavy loss of blood” by vagina, this following ten 
days of “continuous slight bleeding.” She was described as pale. 
Although no data are provided as to the character of the blood, pre- 
sumably she had suffered great blood loss from a ruptured ectopic 
pregnancy. Whether the patient is pregnant or not, spinal anesthesia 
is hardly the method of choice in a potential shock patient who has 
experienced great blood loss. 

Graffagniuo (1938) describes the use of peridural anesthesia in 
gynecology and obstetrics, as have also Graft’agnino and Seyler (1938). 

Anesthesia in Warfare . — 

Schmid (1937) presents a German viewpoint in regard to the allevia- 
tion of pain in military medicine. His paper takes up the problems 
of transportation and anesthesia in earing for the wounded during war. 
The author divides the early care into three phases: (1) Making [the 
wounded] fit to be transported and their transportation; (2) field 
surgery [in the field hospital] ; (3) later transportation and further 
treatment. 

He considers certain fundamental points in the organization of the 
sanitary service, the importance of testing the value of methods in peace- 
time, and the lessons learned in the last war. He divides anesthesia into 
two phases : 

I. Treatment of the pain of wounds, under which he considers : 

1. Morphine and pantopon 

2. Scopolamine-eucodal-ephetonin 

3. Keeping [the wounded] quiet 

II. Anesthesia for operation, under wliicli he considers the merits, uses, 
and limitations of : 


1. Local anesthesia (which can he extensively used) 

2. Chloroform (still first in his opinion among agents for field 
surgery) 

3. Ethyl chloride 

4. Ether and vinethcne 

5. Gas anesthetics (nitrous oxide, ethylene, acetylene) 

6. Keetal anesthetics (rectal ether-oil + avertin) 

7. Intravenous anesthetics (pernoefon, cunarcon, and evipan) 
He conebulos tliat the range of anesthetics for field surgerv is much 

the same as in 1914— cidoroform, etlier. novocain, and morphine, witli 
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And he states lurther that “the use of ether appears to offer the least 
disturbance of normal oxygenation of fetal blood.” 

Sehreiber (1938) has obsex'ved in a study of 500 j)atients with symp- 
toms of cerebral damage that most eases of cerebral bii’th injury are 
associated with apnea at birth, and further that the depressing effect 
upon the respiratory center of birth analgesics given in greater than 
pharmacologic dose is directly related to the degree of apnea. The 
extent of the apnea is related directly to the severity of the cerebral 
syinptoms after birth, and this, in turn, is directly related to the 
amount of damage to the brain tissue. It seems evident here that the 
use of analgesics in greater than pliarmacologic dose may be, in many 
instances, the causative factor of fetal anoxia, with resultant brain 
damage in the infant. 

Further information is presented in the panel discussion on cyanosis 
of the newborn by McKhann, Clifford, Green, Baty, Farber, and Teel 
(1938). An editorial in the Journal of the American Medical Associa- 
tion (1938) presents summarizing statements concerning asphyxia of 
the newborn infant. 

Draper and 'Whitehead (1938) have attempted to determine in 
dogs the max’gin of safety between the states of analgesia and respiratory 
arrest produced by ether, divinyl ether, and chloroform. Their findings 
are in accord xvith those of othei's and are of interest because of the care 
with which they have been obtained. Btliei*, the least potent of the three 
agents, had the greatest margin of safety. Chloroform was most potent, 
but also had the lowest margin of safety. Divinyl ether occupied an 
intermediate position on both counts. Resuscitations from forty-five 
deliberate, standardized overdoses of divinyl ether and from forty-two 
ether overdoses were in all cases successful. After forty-nine overdoses 
of chloroform, there were six clogs, or 12 per cent, that could not be 


resuscitated. 

Danforth and Danforth (1938) have studied the influence of pento- 
barbital sodium upon the duration of labor. They state that the first 
stao'C of labor is more than two houi-s shorter in primiparous women 
wlio have received pentobarbital than in those who have not; this is 
not so in multiparas. They suggest that the Ixarbituratc hastens the 
dilatation of the cervix. Not enough details as to dosage, controls, etc., 
are given to allow analysis of the data, 

Graham and Pettit (1938) have added a barbiturate (allyl-isopropyl 
1 hiturie acid) to an ether-oil .solution for rectal administration at 
11 - . w From 101 cases, they consider that prolonjration of labor 
delivery. . • and five hours in multiparas fas compared to 

“ iimatio") .he .Wee. ohjee.io,. „.e of .he 


proceduie. n939) have di.sens.scd the use of pentothal and 

Bourne and i aiuy i 

tiiioetharayl in obstetrics. 
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eoimt. A miminal list of factors to be considered in this regard has 
been discussed by Beecher (1939). 

Important from the point of view of physical and eheiuical qualitie.s 
are potency or narcotic strength, solubility in air and blood, and ex- 
plosibility. From the more strictly biologic aspect of the question, the 
elements of importance are controllability of the route of administra- 
tion, side-effects and toxicity of action, adequacy of physiologic effects 
for the task at hand, specificity of action, and eliminatioir. Statistical 
requirements are considered in relation to the mass of data necessary to 
permit dogmatic statements to be made as to death rate and general 
safety. It was pointed out that anesthesia literature, perhaps more 
than that of any other division of medicine, is shot through with claims 
wholly unsupported by available evidence. No one can object if 
a person wishes to report a few hundred anesthesias with no deaths. 
In certain cases, such reports are desirable, as, for example, when a 
new anesthetic agent is being tried and no one man has had oppor- 
tunity to acquire a really adequate personal series. Strenuous objec- 
tions can be raised and should be, if such reports contain any attempt 
to draw conclusions as to the safety or death rate of the new agent 
or to make comparison with other agents with a possibly similar or 
lower death rate. 

Whether we like it or not, the fact remains that, if anesthetic agent 
A has a death rate of 1 :1,000 eases, we need data of the order of 
10,000 eases with about ten deaths before we can make any statements 
as to the death rate of that agent. (It might be argued that six deaths 
are adequate; however, for a conservative estimate ten are safer.) 

If the death rate of anesthetic agent B is 1 :10,000 cases, Ave need the 
order of 100,000 eases Avith, again, about ten instances of death at- 
tributable to the agent, in order to make any statement as to the death 
rate of that agent. 

It is sometimes said that the death rate directly attributable to ether 
anesthesia is 1 ;10,000. In order to prove that another agent is better 
than ether in this respect, Ave must have, then, not less than about 
100,000 cases of the other agent, under comparable conditions, if Ave 
are to prove that the other agent excels or even equals ether as far as 
death rate is concerned. 

Stating the foregoing in general terms, Ave must deal Avith so many 
cases that the square root of the number of death.s is not greater than 
almut one-third of the number of deaths. 


Analeptics . — 

Study of the analeptics i.s pi'ogrc.ssing at such a rapid rate that tliere 
IS a temptation to eonfu.se ]jromising o.xperimental findings Avith clinical 
observations. To avoid such a mishap, several of the recent clinical 
apphoations of these agent.s Avill first be referred to, Avith a later con- 
.sjdoration of experiiueutal findings of interest, and finally some reference 
to attempts to explain the action of this group of agents. 
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the addition of scopolamine-exieodal-ephetouin (to take the place of 
veronal), etlijd chloride, and intravenous anesthetics. 

An English point of view is presented by Jlitehiner and Cowell (1939) 
who consider the problem of anesthesia for patients injured in warfare 
(air raids). Wherever possible, niti'ous oxide-oxygen should be used, 
they state, and, if necessary, it should be fortified with ether. “In 
no circumstances should spinal anestiiesia be used in such eases, for the 
resultant fall in blood pressure is very hard to combat. ...” They eon- 
sidei' local anesthesia undesirable ixi regions already edematous and con- 
dxxcive to the growth of organisms. Nerve block may be useful, but it is 
often impossible to determine ahead of time the limits of operation. 
The patient’s mental condition is such that it is usually better that he 
be unconscious. “Chloroform (except in hot climates) , . . must not be 
used . . . for the risk of cardiac failure is veiy great.” 

Chambon, Hubert, and Perier (1937) state that, in dogs poisoned 
by phosgene, nitrous oxide or cyclopropane is better for anesthesia 
than ether. The animals are less “sensitive” to the two former 
agents. 

The “Ideal” Anesthetic Agent . — 


The qualities expected in an “ideal” anesthetic gas have been con- 
sidered by Seevers and Waters (1938) from the points of view of the 
four individuals chiefl.v concerned. The patient wants an induction of 
anesthesia which is rapid and pleasant and a recovery period free of 
discomfort. The surgeon asks that the agejit be nonexplosive, that it 
not increase bleeding, and, most important, that it effect complete 
muscular relaxation. The anesthetist looks for a good mai-gin of safety, 
and asks that tlie agent be unchanged on elimination, with little func- 


tional or organic injury during or aftei- exposure, tliat it be potent 
enough to allow a higli percentage of oxygen to be administered during 
anestiiesia, and finally that interchange of the anesthetic between atmos- 


phere and tissues be so rapid as to allow swift control} ability. The 
manufacturer expects the “ideal” anesthetic gas to be one which can he 
simply and cheaply made, easily purified, and stable during long storage. 
No known agent fulfills all of these requirements, although nitrous oxide 
rnnci nearly aoproaches fbe ideal. Its lack of potency is so seriou.s a 
ti..t one noord. for oil, or oironto. 

In a carefully documented review, Seevers and Il'aters (1938) de.scrihe 
the chemical and liiologic qualities of the ga.seou.s anesthetic agents 
and point out their clinical potentialitie.s and limitation.s. 

‘ Pronrietary anesthetic agents are appearing on the market at an m- 
-1 rate The ad%-oeaey of first one and then another of 
creasing y , .u-Uy in some institutions, that a yardstick of 

these changes so ‘ j£ .jjrom.s .,ie to ho evaluated 

Jf the to ho roootrjjjy^od ;uk] 

"letritoi'to'- 0 
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by the barbiturate could be elevated by the subcutaneous use of benze- 
drine sulfate. Eeifenstein and Davidoff (1938) concur in reporting 
this effect following intravenous use of the drug. In one of their cases 
great hypertension was produced very rapidly, and in at least two of 
ten patients, hypertension of undesii’able degree occurred. 

Michelsen and Verlot (1939) have used benzedrine in an effort to con- 
trol avertin anesthesia. They report that avertin anesthesia can be 
shortened in rabbits and in patients by the use of this agent. 

The use of benzedrine in combatting the hypotension of spinal anes- 
thesia has been described by To veil (1936). 

Coramine in Bcirbiturate Depression in Man: Schube (1936) admin- 
istered doses of four barbiturates respectively to a fairly large series 
of men. In each case the subject was so deeply ‘'asleep" that moderate 
shaking and pinpideking failed to arouse him. Coramine was admin- 
istered in 5 c.e. doses at ten-minute intervals until consciousness was 
restored. Unfortunately only one control was used for each barbiturate. 
Since individual reaction to the barbiturates is notoriously variable, this 
is not enough; however, it was observed that those m the series receiving 
coramine recovered consciousness in a matter of minutes, while the con- 
trols did not awake for some hours. No serious untoward reactions to the 
coramine were encountered here. A good bibliography is included. 

Metrazol and Avertin; Schlaepfer (1936) reports that metrazol 
shortens the duration of avertin anesthesia in man by about one-fourtli. 

Experimental Studies: Picrotoxin, metrazol, and coramine have all 
received much attention recently in both the clinic and the laboratory. 
On e.xamining the rather numerous contributions concerning these 
agents, "Werner and Tatum (1939) found much to be desired and, there- 
fore, undertook further individual and comparative studies of the three 
drugs. 

They found that single doses of coramine do not cause complete 
arousal of rabbits depressed with from 20 to 30 mg. per kilogram of 
nembutal intravenously, and neither do single doses save or prolong 
the lives of animals receiving 110 mg. per kilogi'am inti'aperitoneally. 
On the other hand, single doses of metrazol and picrotoxin do cause 
complete arousal of rabbits depre.ssed with sublethal doses of in- 


travenous nembutal, and they save the lives of rabbits depressed by 
110 mg. per kilogram of intraperitoneal nembutal. When this dose of 


nembutal is exceeded, only picrotoxin is effective in single dose. The 
eonelusion can be drawn that picrotoxin is the more effective analeptic 
for dealing with the .severe grades of nemimtal depression. 

IVhen nsed in doses short of convulsant ones, metrazol and picro- 
loxin were not found to be significantly depressant, yet coramine ap- 
l)eared to be depi'essant in do.ses which were not convulsant. When 
coinmlsmn.s occurred under metrazol and picrotoxin, the ensuin- de- 
pves.sion appeared due to the cxlmusting effects of the convulsions 
rather tlian primarilj' to the drugs. 
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Clinical Use of Picrotoxin: The value of picrotoxin in coinbattiiig 
poisoning’ by barbitiU'atos appears to bo fairly well established clinically. 
Kolui, 1 latfc, and Saltman (.1938) liav^e treated four patients poisoned 
by barbiturates with picrotoxin. Ot‘ these, tba’ee recovered and one died. 
(They offer a brief review of the literature on this subject.) One patient 
recovered after receiving a total of 671 mg. picrotoxin over four days. 

Eovenstine (1938) reports the use of picrotoxin in four patients 
suffering' from barbiturate i^oisoning, with three recoveries. In Case 1 
picrotoxin was given in 3 mg. doses at in-egular intervals, 129 mg. 
being given over nine hours in a 5 per cent glucose and normal saline 
infusion. In Case 2 pici’otoxin 48 mg. were given intravenously in one 
hour. In Case 3 picrotoxin, 122 mg. was given over many hours. In 
Case 4 picrotoxin 2,134 mg. wei'e given over seven days; the patient 
died. A good bibliography is appended. 

Maloney (1936) recommends the preliminary use of 2.0 c.c. 0.3 per 
cent picrotoxin intramuscularly immediately preceding the use of 
evipal anesthesia. This procedure eliminates respiratory accidents, he 
states on the basis of forty patients who received evipal anesthesia 
for an average duration of 58.9 minutes. 

Whenever a patient is brought into the Emergency Ward in deep 
coma with small, fixed pupils, corneal anesthesia, low blood pressure, 
shallow respiration, rales in the lungs, and a fast, weak pulse, bar- 
biturate poisoning shoirkl be suspected. Bleckwenn and Hasten (1938) 
have reported six such eases treated with picrotoxin. The treatment 
recommended consists in the following ; 


1. Wash out the stomach even though the drug rvas ingested many 
hours previously. (Barbitin-ates delay gastric emptying; peri- 
stalsis is diminished or halted by these agents. Large quantities 
may remain in the stomach for a long period of time.) 

2. Administer oxygen continuously. 

3. Administer picrotoxin intravenously until pupillary and corneal 
reflexes have returned. Give 1 .1,000 solution at tlie rate of 1 c.c. 
per minute. The deptli of respiration improves first, and a rise 
in blood pressure occurs. The quality of the pulse improves and 
the rate becomes slower. The return of corneal or pupillary I’e- 
flexes or twitchings indicates that the convulsive stage is near. 
Administration of picrotoxin can be resumed when the patient 
begins to lose the gains made. Bleckwenn. as have others, used 
from 24 to several hundred milligrams of picrotoxin over a 


(and sucrose for 


period of hours. i . 

4. Administer parenteral fluids with dextro.se 

diuresis). Raginsky (1938) give further iuformntiou. 

PJ-al vJof Benzedrine: .Myersoii, Loman, and Dame.shek (103G) 
Clinical I/- shortened the duration of aniytal narcosis. 

,eporte_d that reported that hypotension produced 

They (Myerson and co-rroihci / 
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Stiyelinine they foimd to be ineffiective under the above condi- 
tions; eoramine was only a little better, while metrazol was often 
effective in large doses, but less effective than picrotoxiu. 

Noneonvulsive doses of picrotoxin usually stimulate respiration of 
anesthetized animals, but in normal dogs or in decerebrate dogs and 
cats no stimulation of the respiration occurs from the injection of 
picrotoxin until convulsive doses are given. This failure of the agent 
to stimulate the respiration of unauesthetized animals except in con- 
vulsive doses, plus the fact that a decrease in depth of anesthesia is 
frequently observed following the injection in anesthetized animals, 
as well as the prolonged effect of the stimulation here, serve to set 
this drug apart from the ordinary respiratory stimulants. 

Marshall and his associates (1937) group the respii’atory stimulants 
as follows 

1. Agents which act reflexly through general afferent stimulation 
(subcutaneous injections of ether, camphor in oil, distilled water, for 
example) . 

2. Those which act reflexly through the sinoaortic nerves (cyanide, 
eoramine) . 

3. Those which act by improving the blood supply and oxygenation 
of a depressed respiratory center (epinephrine, ephedrine, oxygen). 

4. Those which appear to act on the respiratory center directly 
(carbon dioxide, caffeine, metrazol). 

5. Those which act by decreasing the depth of narcosis and restoi'ing 
the subject mo 2 ’e nearly to normal (picrotoxin). 

The ability of analeptics to bring about general awakening or to 
arouse single central nervous functions is slight in the deeper stages 
of anesthesia. The question then arises wliether analeptic phenomena 
(if a true antagonism is exhibited) are dependent upon the limit 
of the ability of the single anesthetized elements in the central nervous 
system to be influenced antagonistically, or, on the other hand, whether 
they are due to too small a number of points of attack for the analeptic. 
Koll (1937) has subjected these questions to experimental study. 

His experiments were made on the flexion reflex of the whole hind 
leg or of a Semitendinosus-Vastoerureus-Preparation (S.V.P.) of the 
cat, ill part with simultaneous observation of the crossed extension 
reflex. The lower portion of the spinal cord was isolated by cutting 
it across in the lower thoracic i-egion, or the animal was decerebrated. 

In lighter stages of anesthesia, cardiazol is capable of exercising 
considerable awakening effects upon the spinal reflex mechanisms with 
iiornuvl strength of stimulation, which, however, diminish quickly with 
inerea.sing depth of anesthesia. In very deep anesthesia, only a very 
slight awakening of the reflex takes place with maximal streimth of 
stiinulation. 'Hie .slightly awakened reflex cannot be augmented 
turther by continued administration of eardiazol. With furthe”r givin«' 
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Picrotoxin and metrazol were found to be the most effective anti- 
anesthetics, then followed by benzedrine, caffeine, and ephedz’ine in 
descending order. Strychnine as used here shows no antianesthetic 
power. 

Cutting and Kojipanyi (1938) have used massive intravenous in- 
fusions of isotonic glucose or saline solutions, in volumes weighing 
from one-fourth to three-fourths the body weight in cats and dogs 
which were anesthetized by sodium barbital or sodium phenobarbital. 
The duration of anesthesia has been shortened to from one-third to 
one-half that of controls, with the doubling of the early elimination 
of these drugs in the urine. AVhen massive infusions were utilized, 
animals receiving two or three minimum lethal doses of sodium barbital 
have recovered completely. The significant observation has been re- 
peatedly made that, unless infusions were started and pushed with 
vigor within about one-half hour after the administration of fatal 
doses of the barbiturates, the infusions ivere without avail. Ap- 
parently the infusions are effective only if they can prevent critically 
high levels of the agents from accumulating in the nervous system. 
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remains little changed for a month though the individual cell shrinks and much 
of its hemoglohin is to he found in the plasma. Potas. 9 ium passes from the cells 
into the serum and sodium passes from tho serum into the cells. This phenomenon 
is hastened by trauma but is little influenced by the type of preservative or con- 
tainer. Though the plasma potassium rises as much as tenfold and potassium 
is definitely a toxic substance, the transfusion of preserved blood should be safe on 
this score except when large amounts of blood are given rapidly in conditions 
in which there already exists a liyperpotassemia. Diffusion between serum and 
cells can be minimized by a narrow-neck bottle which diminishes the area of 
surface contact. 

Prothrombin in stored blood falls rapidly to 50 per cent of its original value 
where it remains for some time. 

Thus, for purposes of supplying plasma proteins and replacing erythrocytes 
stored blood is entirely adequate. In the treatment of infections where available 
leucocytes are desired in the transfused blood and in the treatment of hemor- 
rhagic diatheses where platelets and prothrombin are desired fresh whole blood 
is definitely superior to stored blood. 


In discussion, Waltman Walters, Rochester, Minn., pointed out that, in addition 
to laboratory and otlier data, one should utilize the clinical evidence of dehy- 
dration, such as the urinary output, evidence of toxemia, and the dry tongue, in 
determining fluid and electrolyte needs of patients. Large quantities of chlorides 
may be lost from the body in the bile draining from biliary fistulas and this 
source of loss should be taken into account. On several occasions Walters has 
utilized a jejunoatomy for temporary feeding of patients in a poor state of nutrition 
(presumably deficient in vitamin G and proteins) before carrying out such surgical 
procedures as gastric resection. 


Owen Wangensteen, klinneapolis, ilinn., in discussion, remarked that water and 
hypotonic solutions applied directly to tho jejunal mucosa cause a violent inflamma- 
tory reaction of this membrane with edema and in certain instances ulceration, as 
stated by Peters, 

Distention in a large part results from swallowed air and this distention con- 
tributes to death in the presence of peritonitis and obstruction. By excluding 
.air-swallowing by means of dividing and exteriorizing (he cut ends of tlw esophagus, 
don -3 witii intestinal obstruction can be kept alive for long periods of time by raaiii- 
taininn fluid and electrolyte balances. In a few patients nitrogen balance has been 
maintained by administration of large quantities of bovine pla.sma. Reactions have 
followed such administration. 

In a"ed patients in whom tho cardiovascular system i.s impaired, fluids should 
be adndnistered subcutaneously rather than iiitravcnou.sly. 


The Plasma Proteins of Preserved Blood, John Scudder, Xow York City (by 
invitation) —Proteins are needed by surgical patients not only to prevent the 
edema of hypoproteinemia but also to promote normal wound healing .and to fortify 
the liver To provide these needs in a readily availalde .supply blood plnsiun ha.s 
7 snHsfactorv. Plasma and its protein.s are very .stable and can bo stored 
proved \ y * without deteriorating. Likeui.se pl.wm, from donors 
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istered fluids. Massive edema may occur while the blood stream veraaiiis dehy- 
drated or even becomes progressively more dehydrated. Under these conditions 
the administration of colloid is an indispensable factor in the restoration of fluid 
and electrolyte equilibrium." Under these circumstances salt solution washes 
out protein and after the loss of plasma absorption from the skin and bowel is 
impaired. 


Hypoproteinemia and Its Relation to Surgical Problems, I. S. Ravdin, Phila- 
delphia. "The serum proteins are the major factors in keeping fluids in blood 
vessels. Too much attention has been paid to the administration of water and 
salt and not enough to the forces that keep these in blood vessels.” Hypopro- 
teinemia causes gastrointestinal edema and tliereby retards gastrointestinal mo- 
tility. This edema by involving the gastroenterostoni}’’ stoma may obstruct this 
outlet and cause the sj'ndrome of vicious cycle. In addition tlie edema of liypo- 
proteinemia delays and impairs wound healing coutrihuting to leakage along 
suture lines and to wound disruption. Protein protects the liver against injury 
and aids materially in its repair and regeneration. In this respect it shares a 
place with carbohydrates so that diets designed for this purpose should contain 
high protein as well as high carbohydrate values. "The parenteral administra- 
tion of amino acids has not corrected hypoproteinemia in our cases.” 


Pluid and Nutrition Maintenance by the Use of an Intestinal Tube, W. Osier 
Abbott, Philadelphia (by invitation). — In ca.ses of chronic gastrointestinal dis- 
ease requiring operative relief, management is often diflicult because of the 
starvation which has preceded operation and tlie period of limited nutritional 
intake which necessarilj- follows operation. While the maintenance of a fluid 
and electrolyte balance can be remedied and maintained for a period by tlie 
parenteral administration of solutions, there i.s good evidence that in the presence 
of a pyloric obstruction jejunal feeding is preferable. Nutrition, particularly the 
assimilation of protein, can be provided imieb more satisfactorily by this route. 
For this purpose the author has devised a double lumen tube which is passed 
through the gastroenterostomy stoma at the time of operation. The pro.vimal 
himeii which opens into the stomach i.s used to aspirate this viscus, while the distal 
lumen opens at a short distance down the distal loop of the jejunum and through 
it a liquid diet and fluids can be admini.stered. One of the diet.s used for tld.s 
purpose consists of peptinized skimmed milk containing (i Gm. of dc.vtrose to each 
100 c.c. All solutions injected through the tube are isotonic. In case.s of intes- 
tinal obstruction a long tube which cmptic.s intestinal coutoats down to the lesion 
allows the oral adminkstration of tluiiks. electrolyte, and food, mncli of wliicli is 
assimilated. 


Parenteral Protein Replacement With Amino Acids, Robert Elman, .st. Li>nis.— 
"Various typos of patients suirering from protein ilelicicncy .ami naalde to ingest 
sufficient protein nouri.slimcnt by mouth have been treated by flic inlraveimns 
iaiection of fluid containing electrolyte, glucose, nnd nn.i.m acids. Tim ammo 
acbls were obtained bv the enzymatic hydrolysis of casein. .Nitrogen l.nl.ance lins 
l.een achieved with regularity, indicating utilization of the in. led nitrogen. 

Fvidence of serum albumin regeneration ha.s nho l.een mued ,n a lew eases .m 
EMdence or ideture.” With the unproved preparn 

Uons"oramino acid.s recently tmed there have been no re.aetions. no ..hlehitis aa.i 

no precipitation, the eomplicatio.is previously obsen ed. 

^ e -Prenaration of Solutions for Intravenous Therapy to Allergic ami 
The proper „.y imitation . Fluids tor parenteral 

revet Reaction, C ’ ; eeoiiomie.ally in hospiials uhi. h nl.b/e sueh soln- 

administratiou can he 1 1 l- metietd 

timm in huge volnnies. lia I ! 
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care to insure clieiuical purity. Not only must the solutions be chemically pure, 
but they must be delivered into the blood sti’eam in this state. 

In discussion of the above papers Dallas B. Phemister, Chicago, 111., jrointed 
out need for red blood cells must be remembered in considering replace- 

ment therapy. The administration of whole blood during operation under certain 
circumstances permits a more prolonged meticulous e.vecution of the operation. 
Shock may accompany the loss of plasma under a variety of conditions, as illus- 
trated in a case of thrombophlebitis. In this case there was a rapid loss of plasma 
into the tissues of the leg. 

Damon B. Pfeiffer, Philadelphia, Pa., presented an ingenious method for calcu- 
lating and recording the fluid and electrolyte balance of patients. By recording 
the figures calculated from blood chemistry studies on a graphic chart similar to 
a temperature chart the .status and fluctuations of the electrolytes can be observed 
at a glance. 

The Question of Drainage Pollowing Cholecystectomy, Irvin Abell and (by in- 
vitation) Irvin Abell, Jr., Louisville, Ky. — To evaluate the necessity for drainage 
following cholecystectomy results in 500 cases were analyzed. In this group there 
was a mortality of 2 per cent. In 391 eases it was possible to carry out the ideal 
cholecj’stectoniy and the abdomen in these cases was closed without drainage. 
Drainage was instituted in 109 case.s. There were 7-1 cases of acute cholecystitis; 
3-1 of these were drained. Prom these results there was no evidence to justify 
routine drainage following cholecystectomy and no evidence to indicate the neces- 
sity of drainage following ideal cholecystectomy. It is possible that drainage is 
conducive to leakage from the stump of the cystic duct. 

John A. Wolfer, Chicago, 111., in discussion st.ated that in animals the stump 
of the cystic duct becomes necrotic and separates distal to the constricting liga- 
ture with little or no repair of the duct at the site of separation for a considerable 
period of time. Leakage, however, is prevented by the accumulation of a fibrinous 
exudate which firmly seals the amputated stump. 

Charles G. Mixter, Boston, JIass., added that, if stoues are left in the common 
duct, leakage may occur from the stump of the cystic duct. For this reason it is 
desirable in certain cases to make a cholangiogram before closing the abdomen. 

Physiological Pactors Regulating the Level of the Plasma Prothrombin, Jona- 
than E. Rhoads, Philadelphia (by invitation of Walter E. Lee, Philadelphia). — 
The effectiveness of vitamin K therapy in conihnting prothrombin deficiency has 
certain liniitation.s and is dependent upon liver function to a large extent. In 
dogs with biliary fi.stula.s the vitamin IC value falls slowly; whereas, in animals 
lu which the liver has been .severely damaged by chloroform poisoning or has 
been surgieally removed the vitamin K and prothrombin values fall very rapidlv. 
i^ueh liver damage produces prothrombin defieieney by direct action and not 
merely through intorforenee with bile salt formation. This type of prothrombin 
ilelicieney responds poorly or not at all to vitamin K. 

.\ntopsies in three patients who failed to respond to vitamin K therapy re- 
\ealeii severely damaged livers. In such patients treatment should be directed 
primarily to restore liver funetioii beeause only with restored function wilt vita- 
min K therapy become effective. To restore function the administration of large 
‘pmutrtu's of carbohydrates and jirfiteiiis either bv mouth or pareuterallv is 
imlieated. ‘ ■ 


William D. Andrus, New York i’ily, in diseu.ssion noted that it ha,s 
t i.it, regardless of the dosage, vitamin K cannot be raised above lllO 


been shown 
per cent. 
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istered fluids, iilassive edema may occur while the blood stream remains dehy- 
drated or even becomes progressively more dehydrated. XJuder these conditions 
the administration of colloid is an indispensable factor in the restoration of fluid 
and electrolyte equilibrium.” Under these circumstances salt solution waslies 
out protein and after the loss of plasma ab.sorption from the skin and bowel is 
impaired. 


Hypoproteinemia and Its Eelation to Surgical Problems, I. S. Bavdin, Pliila- 
delphia. ■ Ihe serum proteins are the major factors in keeping fluids in blood 
vessels. Too much attention has been paid to the administration of water and 
salt and not enough to the forces that keep these in blood vessels.” Hypopro- 
teineniia causes gastrointestinal edema and thereby retards gastrointestinal mo- 
tility. This edema by involving the gastroenterostomy stoma may obstruct thi.s 
outlet aud cause the syndrome of vicious cycle. In addition the edema of hypo- 
proteinemia dela 3 ’s aud impairs wound healing contributing to leakage along 
suture lines and to wound disruption. Protein protects the liver against injuiy 
and aids materially in its repair ami regeneration. In this respect it shares a 
place with carbohj^drates so that diets designed for this purpose should contain 
high protein as well as high carbohydrate values. “The parenteral administra- 
tion of amino acids has not corrected hypoproteinemia in our cases.” 


Pluid and Nutrition Maintenance by the Use of an Intestinal Tube, W. Osier 
Abbott, Philadelphia {hy invitation), — ^In cases of chronic ga.strointc.stinnl dis- 
ease requiring operative relief, management is often ditiicult because of tlie 
.starvation which has preceded operation and the period of limited nutritional 
intake whiek neceasarih* foiiow.s operation. While the maintenance of a fluid 
and electrolj'te balance can be remodiod and jnaintained for a period b)’ the 
parenteral administration of solutioms, there is good evidence that in the presence 
of a pj'loric obstruction jejunal feeding i.s prefenible. Nutrition, particular]}' the 
assimilation of protein, can be provided much more satisfactoril}' ly this route. 
Por this purpose the author has devised a double lumen tube which is passed 
through the gastroeuterostony stoma at the time of operation. The pro-ximul 
lumen which opens into the stomach i.s u.sed to aspirate this viscus, while the distal 
lumen opens at a short distance down the distal loop of the jejunum and through 
it a liquid diet and fluids can be administered. One of the diets u.sed for this 
purpose consists of peptiuized skimmed milk eoiitainiiig li Om. of tlextroso to each 
100 c.c. All solutioms injected through the tube are isotonic. In eases of inte.s- 
tinal obstruction a long tube wliieli empties intestinal eonteiits down to the lesion 
allow.s the oral administration of fluids, eleetrolyle, and food, miieh of which i.s 
assimilated. 


Parenteral Protein Eeplacement With Amino Acids, Kobert Elman, Si. I.onis.— 
"A'arious types of paticnt.s sulTeriiig from protein defieieney and unable to ingest 
sufficient protein nourishment by mouth have been treated by the intravenous 
iuiectiou of fluid containing electrolyte, gineo.se, and am. no aeuls. The .mono 
■le'ids were obtained bv the enzym.itie lydroly.s..s of emsei... Nitrogen Iml.i.H'e has 
iieen achieved with regularity, indicating utilization of the injected nitrogen. 
Evidence of serum albumin regeneration h.m al.so l.een noted in a few ca.se.s a.s 
^ - ,.ent in the ■'enernl elinic.il picture.” With the inii.roved prepnra- 

acids recemly u.sed there have been no re.ietions, no ..hlebitis .ind 
lo precipitation, the complications prev.onsly observed. 

s, ee T>ranatation of Solutions for Intravenous Therapy to Allergic and 
The Eo.-ton (ly invitation ..-Klnid.s for parenteral 

Eever KeacUon, C. ‘ ^.^oiiomicilly in ho.-piIa)s which at.b/e siieU .-olo- 

•iflnniiistriit ‘‘ , 11 ,. h fli'rn.'uni.-* 
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lias Iiealed and there has been no reactivation of the disease following closure 
of the ileostomy; others have become promptly reactivated. 

In discussion Harvey B. Stone, Baltimore, listed three tj’pes of results which 
may be expected from ileostomy in ulcerative colitis: (1) patients who fail to 
improve after ileostomy; these should have a resection of the diseased portion of 
the colon or a total coleetomj’^ if satisfactory surgical risks; (2) patients in whom 
the disease fails to heal but they retain good health with the ileostomy present; 
(3) patients in whom the colon becomes healed and the ileostomy can be closed. 
As an aid to determine whether the colon has healed and closure of the ileostomy 
is feasible, the colon is filled with 2 liters of salt solution and an examination 
made of centrifuged sediment from this solution after it has been expelled for 
the presence of red blood and pus cells. If these cells are not present or are few 
in number, it may be assumed that healing has taken place. Ileostomy should 
be performed before the disease becomes advanced as judged by failure to im- 
prove promptly under adequate medical management and by the x-ray evidence 
of a loss of haustrations of the colon. 


Brederick W. Bancroft, New York City, reported one case which has remained 
entirely well eight jmars after closure of an ileostomy. 

Vernon C. David, Chicago, called to mind that with healing of ulcerative colitis 
polyposus may develop and subsequently one or more of these may undergo malig- 
nant degeneration. This sequence has been observed in three cases by David. 

Edwin M. Miller, Chicago, suggested that before closing an ileostomy the colon 
be given a functional tolerance test by collecting material discharged from the 
proximal loop and injecting it into the distal loop. 

The Diagnosis and Surgical Management of Leiomyomas and Leiomyosarcomas 
of the Stomach, Erahk H. Lahey, Boston. — These tumors are very uncommon but 
not rare. They constitute 36 per cent of all benign gastric neoplasms. They 
ulcerate and commonly cause severe liematemesis and also obstruction, and are 
prone to become malignant. Adequate x-ray examination readily reveals these 
lesions. Seven cases were reported. The tumor in four showed malignant degen- 
eration. Because of this danger a wide resection by either subtotal or total gas- 
trectomy should be done. The prognosis is verj' good. 

In discussion Erederick A. Coller, Ann Arbor, Jlieh., stated that some of these 
tumors which appear by the ordinary staining methods to be leiomyomas may prove to 
be neurogenic in origin when studied by special staining methods. An experience 
w-ith two such eases was reported. 

Abdominal Neoplasms of Neurogenic Origin, Henry K. Eansom, Ann Arbor, 
Mich. .Sixteen abdominal tumors of neurogenic origin were reported. Seven 
arose from or involved the stomach, four the small bowel and five were inde- 
pendent, mainly retroperitoneal. Five gave no symptoms and were found inci- 
dentally. d’he retroperitoneal tumors may arise from the sympathetic ganglia. 
“ llicse tumors may simulate a variety of lesions such as carcinoma of the stom- 
ach, colon or rectum as well as pancreatic cysts and retroperitoneal sarcoma.” 
Ihey may produce .serious complications, such as intestinal obstruction, internal 
fistulas involving the bowel or bladder and occasionally th 03 - become malignant, 
(.ompleto excision results in cure and, since they grow slowl.v, incomplete ex^sion 
w lere complete removal is impossible is indicated because it gives a long period 


In disemssion John J. Morton. Rochester, N. V., reported that the location of 
c.-c tumors and their relation to vital structures may make excision hazardous and 
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Studies Eelative to the Pathogenesis of Cholecystitis and Acvrte Pancreatitis, 
J. Dewey Bisgard and (by invitation) Charles P. Baker, Omaha, Neb.— In the 
goat the pancreatic duet empties into the common bile duct (below the cystic duct) 
permitting the pancreatic juice and bile to mix, and i)ancreatic en 23 mies to pass 
into the gall bladder and bile into the pancreatic duct in the presence of' an 
obstruction of this common passageway. A similar common passagcwaj' exists in 
50 per cent or more of human beings. By producing temporaiy obstruction of the 
common duct in the goats above the pancreatic duct, stasis of bile in the gall 
bladder alone resulted; whereas, temporaiy constriction below the pancreatic duet 
produced in addition to stasis of bile, redux of pancreatic secretions into the gall 
bladder and in some animals passage of bile into the pancreas. The presence of 
bile in the pancreas in all but one instance pyocluced acute hemorrhagic pan- 
creatitis. Pancreatic secretions in the gall bladder in the presence of stasis 
produced in each instance complete or partial necrosis of the wall of the gall 
bladder with regional peritonitis with and without perforation of the wall of the 
gall bladder. Five animals surviving the acute insult developed chronic cholecys- 
titis, three of them with bile pigment stones. In ai! dve, the gall bladder wall had 
become secondarily' infected. Temporary biliary stasis alone produced no perma- 
nent pathologic change in the gall bladder wall, but in two animals infection 
became superimposed and resulted in subacute cholecystitis. In other words, 
stasis merely rendered the gall bladder vulnerable to infection in the latter group 
and vulnerable to the digestive action of pancreatic enzymes in the former group. 

John A. Wolfer, Chicago, 111., in discussing this paper, recalled his report 
in 1931 of similar results produced in the wall of the gall bladder of the dog by 
introducing pancreatic juice into the gall bladder by direct injection ami by con- 
ducting the juice from the cannulized pancreatic duet into the common bile duet. 
India ink instilled into the common duct could be recovered later from the gall 
bladder. Cases with acute gangrenous cholecystitis present pathologic pictures 
similar to those presented by these animals in which there was reflux of pan- 
creatic secretions. 


Bvarts A. Graham, St. Louis, st.ated that it is very- doubtful that the path- 
ogenesis of cholecystitis is as simple as prc.sented in these experimental animals. 
It does not answer the fact that cholecystitis dovclop.s in adult life when the 
anomalous duet system e.xist.s from birth; furthermore it docs not explain the 
hivh incidence of gall bladder disease of “John Bull” and the low incidence of 
“Uncle Sam.” 


Ileostomy. Henry W. Cave and (by invitation) Wm. I*. Nickel, Jr.. Non- York 
the treatment of intractable ulcerative colitis ileo.stomy has proved to 
be not only a palliative but often a curative operative procedure. It also has a 
definite place in the preoperative preparation of paticuts subjected to partial or 
complete colectomy and as an emergency procedure in the treatment of paUent.s 
with impending perforation, obstruction, and gross hemorrhage. Ileostomy should 
be preceded, when it is an elective operation, by the rehabilitating measures vt 
trnnsfusions, restoration of vitamin, protein, and water balance and the adnnn- 
• fration of carbohydrates. Ileostomies have been complicated by prolap.se o 
Hi r bowel through the stoma, retraction of the stoma, hemorrhage, and intcstiaal 
-Hon Tirese complications can he minimized by complete divi.sion ol the 

ft. rSorin- .1 ft. >. 
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I. A. Bigger, Eichmond, Va,, discussed a personal case of traumatic aneurysm 
of the abdominal aorta in a boy. At a first-stage operation the abdominal aorta 
was partially occluded above the aueurj’sm and several weeks later an aneurys- 
inorrhaphy was accomplished with cure. 

Eudolph Matas, New Orleans, discussed his case in which the abdominal aorta 
was successfully ligated and partially occluded. He also stated that Bigger's 
case was the first recorded successful r-epair and cure of an aneurysm of the 
abdominal aorta. 

Cardiovascular Symptoms Presented by Patients Having Cavernous Hemangi- 
omas and Varicose Veins, Walter E. Bee and (by invitation) Norman E. Preeman, 
Philadelphia. — Four patients presenting cavernous hemangiomas and varicose veins 
were discussed. In three of these individuals there was reflux of sufiioient quan- 
tity of blood into the angiomas to produce disturbed cardiovascular physiology. 
A relative measure of the blood refluxed into the angiomas and varices can be 
had by a simple method. The leg is drained of blood and a tourniquet applied. 
It is then immersed in a jar of water and the tourniquet released. After the leg 
fills with blood, the water displaced is measured. 

Although these lesions do not pulsate, they communicate with the arterial side, 
probably through arterioles. 

Osteohypertrophy was a prominent feature in two patients. In one a defect 
in the lymphatic valves was also present, resulting in a chylangioma of the 
scrotum and thigh. “Ligation of communicating veins with defective valves 
brought about relief of symptoms in three of the patients.’’ These communicat- 
ing veins can be identified by diodrast angiography. 

Arteriovenous Fistula; Experimental Observations and a Critical Review of 
Eighteen Clinical Oases, Emile Holman, San Francisco. — Arteriovenous fistulas 
wore produced between the aorta and vena cava in puppies. There immediately 
developed a shrinkage in the size of the heart from hemorrhage into the venous 
side, followed by dilatation of that portion of the vascular system included in 
the short circuit; namely, heart, proximal arteries, and proximal veins. With 
dilatation there developed an increase in blood volume, and the signs produced 
by arteriovenous aneurysms of peripheral vessels, including ultimately tlie signs 
of cardiac failure. 


Blood volume is not increased, Mont E. Reid, Cincinnati, pointed out in dis- 
cussion, by the presence of an arterioveiiou.s fi.stula until heart failure ensues. 
Cardiac failure regardless of cause is accompanied by an increase of blood 
volume, and the failure and not the fistula is the cau.sativo factor. 

Relative Local Efficiency of Sulfanilamide, Sulfapyridine, and Sulfathiazol in 
Contaminated Wounds, J. Albert Key, Rt. Louis, and (by invitation) Charles X 
Fraakel, Baltimore. — In a series of rabbits and dogs compound fractures of ribs 
were made and these fractures inoculated with a virulent culture of Staphylococcus 
iiun ii.'i. In addition tlie wounds in three groups were filled with crystals of sul- 
tanilamide, sulfapyridine, or sulfathiazol. A fourth group was used for controls. 
Many of the controls failed to develop infections. Sulfanilamide was more effec- 
tive than the other product.s in preventing infection. When placed into joints 
and serous cavities these chemicals produced little or no reaction. In wounds 
they were productive of an increase in exudate but did not otherwise alter wound 
healiiig. 


Ihe cdTectiveiiess of the direct appUeiUion of sulfanilamide in preventing in- 
cclion in wounds in niau as origiiinUy reported by .reiiseii, .Tohnsrud, and Nelson 
has been uell established. -Ntihon 



530 


SUUOKUY 


invitation) Pioycl SZ'^UnlvonltTl^^-? P- Lehman and (by 

Ji»iO) ovidoaco was prononfed (Init bnparh" h.f™)''"'', (^^"n. Sur^f., March, 

ot dogs wan followed by tbo re-f„„naLa oi - cavity 

LOinpared with tlio ru-fonnation of • •i'^'ided adhesions as 

sions in control fr,o„pti. Three ont '“''‘‘'“^1 adhe- 

hemorrhage. ^ t«enty-fonr dog.s died of intraperitoneal 

‘'hr":," - 

Avith ivound healing. ” " ’ "» evidence of interference 

peritoneal cavity than whin adml«LTIreTsuSlifa“!e ‘'‘® 

intraperitoneal injectioms are more effective than' ■i^s'intfe 0 *^'^°’ repeated periodic 

Prom similar studies in cats, Harvey B. Stone B-.if 
cussion, ,t has been found that quantities of W , 
relatively ineffective. The beat results follow l 00r"’-i ^’°°° 

dose supplemented by 1,000 units each on M.o i ‘ immediate initial 

on tne two successive days. 

Major Peripheral Arteril3X'''che^a”s^t!o Operations Upon the 
Sympathetlcs, Idys Mims Gage (by invitation^ the Cervicodorsal and lumbar 
Sudden occlusion of major peripllrartr Orleans, 

sitating amputation of an oxtremitv iin)oo>. i ^ ischemic gangrene neces- 
r.pUIy , " 

..n.lri«l.. M Z T^Zr^TintlT “ 

meat of eoJIateral cireulatioa. By eliemical aectioa J u 

vasoconstriction can be immediately released Tl.i, ^ ^ regional sympathetics 

ing these regional sympathetic ganglia (irrvicoilr ar„"rT“1‘^‘' V iniiltrat- 

for a temporary effect or with alcohol for a prolLoed^o novocain 

Chemical section was also advocated aus a preooerativp “ * permanent effect. 

to all operations upon the major peripheral arteries. operative measure 

Discussing tills paper, Rudolph Matas, New Orleans noted i , ■ 

culation can be evaluated and can be promoted by the use of the ^fates com' 
pressor. Transfusions maj" be useful. ® luatas com- 

Experimental Studies on the Occlusion of large Arteries, Herman E. Pearse 
Rochester, N. Y.— Many ingenious devices have been utilized in attempting to 
devise a method by which large arteries can be gradually occluded and therebv 
permit the establishment of a collateral circulation. The first successful method 
as here reported, was accomplished by placing a strip of cellophane around the 
abdominal aorta in dogs. The foreign body reaction in the perivascular tissues 
causes a large ring of sear tissue to form around the aorta. As this sear "rad- 
ually contracted it completely occluded this vessel. “ * 


Emile Holman, San Prancisco, recalled that Van Allen has utilized this same 
principle to cause librotic contracture of the lung. 

Aneurysm of the Abdominal Aorta; Successful Treatment by Ligation, Daniel 
C. Elkin, Atlanta, Ga.— A patient with a large aneurysm of the abdominal aorta 
at its bifurcation was relieved of pain and other symptoms by partially occluding 
the aorta just above tlie aneurysm with two ligatures of cotton tape. Tiffs tech- 
nique is essentially the same used by Matas in his case. Circulation in the legs 
was not disturbed. . 
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I. A. Bigger, Richmond, Va., discussed a personal case of traumatic aneurysm 
of the abdominal aorta in a boy. At a first-stage operation the abdominal aorta 
was partiallj'^ occluded above the aneury.sm and several weeks later an aneur3's- 
morrhaphj^ was accomplished witli cure. 

Eudolph Matas, New Orleans, discussed his case in whicli the abdominal aorta 
was successfullj’’ ligated and partially occluded. He also stated that Bigger ’s 
case was the fir.st recorded successful repair and cure of an aneurysm of the 
abdominal aorta. 

Cardiovascular Symptoms Presented by Patients Having Cavernous Hemangi- 
omas and Varicose Veins, Walter E. Lee and (by invitation) Norman E. Preeman, 
Philadelphia. — Pour patients presenting cavernous hemangiomas and varicose veins 
were discussed. In three of these individuals there was reflux of sufficient quan- 
titj' of blood into the angiomas to produce disturbed cardiovascular physiologj’. 
A relative measure of the blood refluxed into the angiomas and varices can be 
had by a simple method. The leg is drained of blood and a tourniquet applied. 
It is then immersed in a jar of water and the tourniquet released. After the leg 
fills with blood, the water displaced is measured. 

Although these lesions do not pulsate, they communicate with the arterial side, 
probablj' through arterioles. 

Osteohj'pertroph3' was a prominent feature in two patients. In one a defect 
in the l3miphatic valves was also present, resulting in a ch3-langioma of the 
scrotum and thigh. “Ligation of communicating veins with defective valves 
brought about relief of symptoms in three of the patients.’’ These communicat- 
ing veins can be identified 1)3' diodrast angiography. 

Arteriovenous Pistula: Experimental Observations and a Critical Review of 
Eighteen Clinical Cases, Emile Holman, San Francisco. — Arteriovenous fistulas 
were produced between the aorta and vena cava in puppies. There immediately 
developed a shrinkage in the size of the heart from hemorrhage into the venous 
.side, followed 1 ) 3 ' dilatation of that portion of the vascular S 3 'stem included in 
the short circuit; namely, heart, proximal arten'es, and proximal veins. With 
dilatation there developed an increase in blood volume, and the signs produced 
1)3' arteriovenous aneurvsms of peripheral vessels, including ultimatel3' the signs 
of cardiac failure. 

Blood volume is not increased, Mont E. Reid, Cincinnati, pointed out in dis- 
cu.s.sion, b3- the presence of an arterior'enous fistula until heart failure ensues. 
Cardiac failure regardless of cause is accompanied 1 ) 3 ' an increase of blood 
volume, and the failure and not the fistula is the causative factor. 

Relative Local Efficiency of Sulfanilamide, Sulfapyridine, and Sulfathiazol in 
Contaminated Wounds, J. Albert Key, St. Louis, and (by invitation) Charles J. 
Prankel, Baltimore . — In a series of rabbits and dogs compound fractures of ribs 
were made and these fractures inoculated with a virulent culture of Staphylococcus 
Hurt’ll.','. In addition the wounds in three groups were filled with cr 3 '.stals of sul- 
fanilamide, sulfap3'ridino, or sulfathiazol. A fourth group was used for controls. 
Many of the controls failed to develop iiifectioms. Sulfanilamide was more effee- 
Uve than the other products in preventing infection. When placed into joints 
and serous cavities these chemicals produced little or no reaction. In wounds 
they were productive of an increase in exudate but did not otherwise alter wound 
healing. 

Ihe elTectiveness of the direct application of sulfanilamide in preventing in- 
cctiou m wounds in man as originally reported by .lensen, .Tohnsrud, and Nelson 
ha.s been nell established. -'ti.son 
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(lil)ieiiU. All uxiioiioiico ivilli a Ijii-fje retroiierilanaiil tiiinor in ivliicli tivo oiiera- 
livu attiiclia woio maiensary to aiaiutiijiliaii removal iva.s rejiorted. 

Heparin in the Prevention of Peritoneal Adhesions, Edwin P. I/chman and {hy 
in vital iou) Floyd Boys, Uiiiversity, Ya. — In a previous report (Ann. Sur'f., !Marcli, 
ItllO) oviiloueo was preseuteil tiiat heparin introdneed into tlio peritoneal cavity 
of dojjs was followed liy the ve-forinntion of 25 per cent of divided adhesions as 
compared with the ve-fonimtion of approximately 150 per cent of divided adhe- 
sions in control groups. Three out of twenly'-fonr dogs died of iutraperitoaeal 
heinorrhago. 

In a subsequent group of animals in which hemostasis was more nieticulou.sly 
executed, there were no hemorrhages. Also, there was no evidence of interference 
with wound healing. 

Heparin is more oileetivc in preventing adlicsions when placed directly' into the 
peritoneal cavity than when administered subcutaneously'. Also, repeated periodic 
iutraperitoneal injections are more effective than a single one. 

From similar studies in cats, Harvey B. Stone, Baltimore, pointed out in dis- 
cussion, it has been found that quantities of heparin less than 1,000 units are 
relatively' inoifective. The best results follow 1,000 units as the immediate initial 
dose supplemented by 1,000 units each on the two successive days. 

The Prevention of Ischemic Gangrene Following Surgical Operations Upon the 
Major Peripheral Arteries hy Chemical Section of the Cervicodorsal and Iiumhar 
Sympathetics, Idys Mims Gage (by invitation) and Alton Ochsner, New Orleans. 
Sudden occlusion of major peripheral arteries results in ischemic gangrene neces- 
sitating amputation of an extremity unless an adequate collateral circulation is 
rapidly' established. Associated with sudden occlusion there is set up refle.x vaso- 
constriction which contributes to the ischemia and interferes with the establish- 
ment of collateral circulation. By' chemical section of the regional sympathetics 
vasoconstriction can be immediately released. This is accomplished by infiltrat- 
ing these regional sy'inpathetic ganglia (cervicodorsal or lumbar) with novocain 
for a temporaiy effect or with alcohol for a prolonged or permanent effect. 
Chemical section was also advocated as a preoperative or postoperative measure 
to all operations upon the major peripheral arteries. 


Discussing this paper, Budolph Matas, New Orleans, noted that collateral cir- 
culation can be evaluated and can be promoted by the use of the Matas com- 
pressor. Transfusions may' be useful. 

Experimental Studies on the Occlusion of Large Arteries, Herman E. Pearse, 
Hochester N. Y. — Many ingenious devices have been utilized in attempting to 
devise a method by which large arteries can be gradually occluded and thereby 
permit the establishment of a collateral circulation. The first successful method, 
•vs here reported, was accomplished by placing a strip of cellopliane around the 
'abdominal aorta in dogs. The foreign body reaction in the perivascular tissues 
causes a large ring of scar tissue to form around the aorta. As this scar grad- 
ually contracted it completely occluded this vessel. 


Emile Holman, San Francisco, recalled that Van Allen has utilized this same 
principle to cause fibrotic contracture of the lung. 

nf the Abdominal Aorta: Successful Treatment by Ligation, Daniel 
Mlir Gt-l patient with a large aneurysm of the abdominal aorta 
0. Elhtn, At , relieved of pain and other symptoms by partially oceluding 
at its bifureatvon two ligatures of cotton tape. This teeh- 

the aorta 3"®*' „^ged by Jfatas in his case. Circulation in the legs 
nique is esseatiallj tne s 
was not disturbed. . 
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Wood oan be obtained by applying the photoelectric cell to a fold of skin. Records 
made by this device showed almost instantaneous changes in the oxygen 
saturation of the hemoglobin with changes in the oxygen content of the inspired 
gas. Inhalation of carbon dioxide caused a rapid fall which began immediately. 
The curve was immediately reversed following inhalation of pure oxygen. The 
anoxic'* curves resulting from nitrous oxide anesthesia and from sedation were 
presented. 

Boy D. McClure, Detroit, pointed out that the damage produced in the brain 
and other tissues by anoxia maj' appear late. Often the damage produces slight 
and only transitory symptoms and only occasionally grave, progressive, and per- 
manent dysfunctions. 

Congenital Pyloric Stenosis, D, E. Robertson, Toronto, Canada. — A review of 
450 cases was presented; 80 per cent were male; the majority were first-born; 
four were maternal twins; all were cured by the Ramstedt operation. The afflic- 
tion niaj' occur in onl3^ one of fraternal twins, but it is alwaj'S present in both 
identical twins. This is strong evidence that the lesion is congenital. The pre- 
ponderance of males was expljiined upon the basis that males from inception are 
more vulnerable than females. Preoperative preparation to restore fluids, sugars, 
and protein ■\vith fluids and blood is veiy important. The stomach should be 
emptied with a catheter immodiatelj' before operation. The pjdorus has been 
approached through a gridiron incision just below the costal margin and to the 
right of the border of the right rectus. The liver which prevents evisceration is 
retracted upward, exposing the pyloric tumor immediately under the wound. 


William E. Ladd, Boston, reported 765 cases with a mortality of 0.56 per cent 
in the last 177. Feeding should be started immediateh’ after operation. Albert 
0. Singelton, Galveston, Tex., feels that ly incising the posterior sheath of the 
rectus transverselj' through a high muscle-splitting incision evisceration can be 
prevented. Edward J. Donovan, New York Citj’, reported tliat in 450 personal cases 
tliere had been only 1 deatli. If necessary two or tliree days should im spent in preop- 
cvative preparation witli fluids and blood tran.sfu.sion.s. Edwin M. Miller, Chicago, 
showed sections througli the p.vlorus of a l)al>y who died .six months after a 
Kamstedt operation in which tlie site of section could not bo identified. Tlie 
thickness of the wall was fairly normal and was equal throughout the circum- 
ference, Warren. Cole, Cliicago, starts feeding immediately after operation. Local 
anesthesia is adequate. Administration of vitamin C and the use of fine silk 
sutures aid wound healing. Walter E. Lee, Philadelpliia, noted that buried su- 
tures disturb wound healing. Better wounds are obtained b.v approximating all 
la\ ers witli a single series of tlirougli-and-tlirough .sutures of silk. 


Gastric Acidity Before and After Operative Procedure With Special Keference 
to the Bole of the Pylorus and Antrum: A Preliminary Keport of a Clinical and 
Experimental Study, Owen H. Wangensteen (bv invitation!, Bichard L. Varco, 
Lyle Hay, Benedict Trach, and Stewart Walpole, Jlinneapolis, itlinn. — Studies of 
gastric aciiiitj- were made in patients witli nicer licfore and after various t.vpes 
of gastric resections ami of animals with ditlerent t.vpes of pouclies. It was con- 
cluded that the stomach could be rcinlered aclilorlivdric by re.sectiou of the distal 
oil to 80 per cent of the stomach. Gastric uiialyses made a year or more after 
sucli resections sliowcd pcrsisteuco of acUlorU.vdria. Rapid emptying of the stom- 
•uli reduces gastric acidity iiy reducing the gastric iiliaso of .stimulation of the 
secret urn of hydrochloric acid. 


In discus.fiou Lester B. Dragstedt, flueago, noted tluit postoperative achlor- 
i>« ria give.s optimum iiisuraiiee against recurrence of ulcer. Boscoe K. Graham 
oroii (1, ( aitadu, stated tliat tlie majority of uleer.s slioiild he tre.ated Iiv ga.stric 
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Norman E. Ereeman, Philadelphia, discussed the ranid ' 
and in tissue metabolism as temperatures are raised above 34 

Further Anesthesia 'Studies With Photoelectric Oy.,1, 

W. Hartman (by invitation) and Eoy D. McClure, Detr ““f,°P’ti“fP^“Ph, Frank 
of Kurt Kramer in 1933 and 1934 the measurement of o"' -i '* ‘he work 
culatiiig blood was first accomplished. The method inv/ '“"‘“S^t“hiu in the cir- 
nvfo... „..,i n.„ ,1, „..„i,-..,r.-„.. „r „ the isolation of an 
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artery and the direct .application of a photoelectric ceb'" mi- 
clinical use. Under tlie direction of the authors an nvx i 
been devised by wliicli a eoutiiiuoiis record of the oxyhemoglobin of clrcnhitia;- 
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upper extremity. Our present technique, intraspinal (intraarachnoid) anterior 
root section of D2 and D3 and trunk section below D3, gives promise of being 
a satisfactory solution of the problem. ” In an eifort to prevent regeneration the 
sectioned trunk is ensheathed in a silk bag. Intercostal nerves 2 and 3 are also 
sectioned. 

In discussion Peter Heinbecker, St. Louis, stated that there is good evidence 
that vasospastic disease is an intrinsic disease of the walls of the blood vessels 
and not primarily a disease of the sj'inpathetie nervous system. Keourrence of 
symptoms may be explained upon this basis rather than regeneration. There is 
also good evidence that D1 does not carry vasoconstrictor fibers for the arm. 

James C. White, Boston, noted that it has been shown that sympathetic fibers 
regenerate rapidly and that in the monkey section of Bl alters the temperature 
of the extremity. 


REVIEW OP THE SECTION ON SURGERY OF THE AMERICAN 
MEDICAL ASSOCIATION 

WooLFOLK Barrow, M.D., LexixVgton, Ky. 

A t the annual meeting of the Section on Surger 3 ', General and Abdominal, 
of the American Medical Association in New York City on June 12, 13, and 
14, Edwin M. Miller and E. H. Tell, Chicago, 111., and Clayton B. Brock, St. Louis, 
reported a summary of The Treatment of Acute Appendicitis and Its Complica- 
tions in Children, based on their experience with over 1,000 cases of acute appen- 
dicitis in children. Tiiey divided these patients into three groups. In the first 
group of patients the inflammatory changes were limited to the appendi.x itself. 
In these patients with “obvious acute appendicitis without perforation, there is 
no difference of opinion about the proper treatment." There were 629 patients 
in this group treated bj' immediate operation with no deaths. 

Those patients “with obvious perforation with an adequate defensive mecha- 
nism’’ were placed in Group 2. In this group the sj^mptoms were usually of 
longer duration than in Group 1, but the patients did not seem critically ill. A 
mass of variable size and position was u.suallj’ present due to a slow leak in the 
appendix with adequate defensive measures on the part of the bodj’. In tliis 
group of patients Miller, Fell, and Brock found that conservative measures, where 
po.ssiblc, have given the most satisfactovv results. In 11 per cent of these pa- 
tients surgical iuterfcrouce became necessary; .spontaneous resolution occurred in 
Stl per cent. Appendectomy during the quie.scent stage was urged in every in- 
stance. The mortality rate in tliis group of patients was 2 per cent where con- 
servative measures were omploj’ed. 

In Group ,T the patients were criticall.v ill; (hero were .signs and .symptoms of 
generalized peritoniti.s in association with an open perforation of the appendix, 
lilaiiy of the.se were associated with obstruction to the appendical lumen. In 
these patients (children) conservative iiieasure.s were a.ssoeiated with a mortalitv 
of So per cent. Tmincdiato operation was a.ssociuted with a mortalitv of 12 nor 

Etlward S. Stafford and David H. Sprong, Jr., Baltimore, pre.seiited An Analysis 
o the lMort.allty Kcsiilting Trout Acute Appendicitis. In consecutive pa- 
irs’ m'.'i"*. •1'* death.s. Prompt surgical interference 

tleii f.* •’"* ‘-^nyist.s Were careful to point out 
blood i'.^ 7hX intravenous tluid, electrolytes and 

^ opinion, was time well spent. They coiisidered the details of 

H.e. lxv.l for 
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resoction and thu re.section.s .slumid bo extuiisivu. J, Shelton Horsley, RicJiaiond, 
\ a., feels there is good reason to bolievc tliat after resection, regardless of ex- 
tent, the remaining acid secreting glands undergo hyperjdasia. 

The Surgical Management of Carcinoma of the Heft Half of the Colon, Howard 
C. Naffzlgor and (by invitation) H. Clenn Bell, ,S’nn hVaneisco . — In a scries of 
Itil cases of carcinoma of the left half of the colon (rectum excluded) major 
surgery rvas {lerformed in 71, an ogerabiiity of 4(! per cent, Ilesootions were done 
in '19 cases with a loss of !> (10 per cent); -1 died of peritonitis. Types of opera- 
tions used were Hfikulicz, olwtruetiv'e rc.seetion.s, Hartmann, ami direct immediate 
side-to-sido and ond-to-oiul aiiastomosoa. The imtaediate end-to-end anastomosis 
witli preliminary cccostomy is preferred. Preoporativo prciniration consists, in 
addition to blood transfusions when indicated, of a low residue diet and one 
ounce of opsom salts each morning for several d.ays. If a preliminary eecostomy 
has boon performed, the bowel is Javaged daiiy. 

When doing an immediate anastomosis John A. Wolfer, Chicago, has painted 
the cut ends of the bowel with 5 per cent phenol followed by 90 per cent alcohol. 
Decompression of the bow'd by eecostomy or by continuous gastric suction is im- 
portant. Prooporative nutritional preparation should include vitamin C (1,000 
mg. of scorbutic acid daily). 


The Bepair of Inguinal Hernia With Transplantation of the Cord to the Pem- 
oral Canal, William P. MaePee, Hew York City. — By this technique the inguinal 
ligament is detached from its insertion in the pubic spine and freed along the 
superior pubic ramus until the femoral canal is unroofed. The cord is then trans- 
ferred from the inguinal canal to the femoral canal and the inguinal ligament is 
repositioned and made fast with silk sutures wliich are also used to repair the 
floor of the canal. The operation permits complete closure of the inguinal canal 
without saorilicing the cord and testicle. 

Following this operation in 19 cases there have been 6, or 30 per cent, recur- 
rences. The operation was primary in 12 cases witJi 5 recurrences, secondary in 7 
recurrent cases with 1 recurrence. Three recurred along the femoral canal. 


William B. G-allie, Toronto, Canada, noted that a well-secured ten.se inguinal 
ligament is very essential for anchorage in the repair of hernia. The merits of 
living sutures of fascia in repair were alluded to. 

Motor and Sensory Innervation of the Colon and Bladder, James C. White and 
(by invitation) Max Verlot and Otto Ehrentheil, Boston.— Eeported were the 
results of an investigation of physiologic changes in the bladder and colon which 
follow disease, injury, or operative lesions of the brain, spinal cord, cauda equina, 
and pelvic nerves. The bladder was studied by means of cystometrograms and 
the colon by oolonmetrograms. The latter procedure registers the response of the 
colon to distention with fluid. Subjective sensations resulting from distention of 
hoth bladder and colon were also observed. Case records of increased and de- 
creased tonus of these organs and the diagnostic significance of these determina- 
tions were demonstrated. 

,.1 A «f,idv according to Peter Heinbecker, St. Louis, should aid 
in detomtog the effect ’of functional as well as organic neurogenic disturbances 

upon the colon. 

Producing Complete and Lasting Sympathetic Denervation of 
The Problem of Pro ^ Eeginald H. Smithwlck, Boston.- 

the Tipper 5 li^ieal results of postganglionic sympathetic denervation 

“Because we found th .^satisfactory and because wo found the results o 

of the upper extremity o of the lower extremity to bo satisfactorj 

preganglionic glop a technique for preganglionic denervation o 



REVIEW OF RECENT MEETINGS 


537 


treatment of these patients along phj'siologio lines, which may demand consider- 
ably more surgical skill and judgment than treatment by immediate operation. 

E. H. Eell, Chicago, suggested that a palpable intra-abdominal mass felt soon 
after the onset of symptoms might be composed of an acutely inflamed unrup- 
tured appendix surrounded by omentum, rather than an appendical abscess. Ap- 
pendectomy is the procedure of choice. He emphasized the importance of ade- 
quate preoperative preparation in patients with acute appendicitis. Late in the 
disease sufiicient immunity has been established to permit a relatively satisfactory 
prognosis in patients in whom late operation becomes necessary. 

Harvey Stone, Baltimore, repeated that there is no controversy about the 
handling of patients with simple acute appendicitis by prompt appendectomy. 
In his opinion, the improvement in the prognosis for the patient with appendical 
peritonitis was due to better treatment along physiologic lines rather than to any 
special surgical technique in the acute stages or to a delay in operation. Where 
conservative measures had been emploj'ed. Stone strongly advocated the removal 
of the appendix in the interval between attacks, removing it before the patient 
left the hospital if it seemed unlikely that it would be accomplished otherwise. 


Shelton Horsley, Jr., Richmond, Va., reported a very low mortality in patients 
(private) with acute appendicitis. He believed this to be due to their policy of 
immediate operation regardless of the stage of the disease, use of the McBurney 
incision, removal of purulent material by suction, no intraperitoneal drainage, and 
simple ligation of the stump of the appendix. 

John C. Gilbride, Philadelphia, reported 3 patients in whom the acutely in- 
flamed appendix was adherent to the bladder, producing sjTnptoms suggestive of 
genitourinary tract disease rather than acute appendicitis. E. H. Miller, Chicago, 
reiterated the importance of noninterference with localized processes. 


Charles C. Lund and John H. Crandon, Boston, reported on Experimental 
Scurvy and Ascorbic Acid Deficiency in Surgical Patients. They found that the 
blood level of vitamin C will decrease by one-half following an average laparotomy, 
but will rise rapidly to preoperative levels with an adequate intake of this sub- 
stance. There was no demonstrable difference in the incidence of pulmouar 3 '’ com- 
plications in patients with low and with normal vitamin C levels. 

In the normal human experimental subject the absence of vitamin C in the 
diet is followed bj- a rapid reduction in the amount of this substance in the 
blood. Although the level of reduced ascorbic acid in the blood reached zero in the 
experimental subject in six weeks, no clinical changes were noted for four and one- 
half months, when a papular eruption associated with ingrowing hairs was noted. 

surgical incision made three months after the beginning of the experiment 
healed satisfaetorilj- and promptlj’. At the end of five months of vitamin C depriva- 
tion, petechial hemorrhages began to appear on the lower part of the legs. At the 
end of six months a surgical incision made on the back failed entirelj- to heal. On 
microscopic studv- of a section taken from the line of incision there was almost 
complete absence of intercellular substance. Following the administration of 
vitamin C there was prompt healing. 

In routine determination of preoperative vitamin C levels, Lund and Crandon 
onnd many patients with subnormal ascorbic acid blood levels. This was fre- 
qinntl) associated with other deficiencies, particularly h.viioproteineniia. Where vita- 
imu ’ detwieneics exist, they advise the administration of I to I Gm. of ascorbic 
acid either by mouth or intravenously. 


John B. Hartzcll, James M Winfield, and J. Logan Irvin, Detroit in tl, .ic 
repor on Plasma Vitamin C and Sonun Protein Levels in Wound Disruption 

• ' *^''‘'»<li‘e, increa.sed iiitra-abdominal tension, and poor gencr.-J 
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surgical toohniquu as of Joss iiiiportuncc tliaii tlio dutuils of postoperative care. 
Inatleqiiato po.stopor.ativo care was rf.sjionsii)Ie for more dcatlis tlian generalized 
peritonitis per so. In their opinion, it is dillieiilt to determine what patients might 
bo expected to bo benefited by eon.servative measures except by operation, and 
all patients ^litli acute appendicitis in their care have been operated upon imme- 
diately. lliey report no mortality in patients with acute appendicitis without 
perforation, a mortality of 7 plus per cent in patients with acute appendicitis 
and localized abscess, and a mortality of 1-1.2 jier cent in patients with acute 
appendicitis and generalized peritonitis. 


Woolfolk Barrow, Le.xington, Ky., aiul Alton Ochsner, ?fuw Orleans, pre.sented 
a paper on the Treatment of Appendical Peritonitis based on their experience 
with 1,039 consecutive patients with acute appendicitis seen at the Charity Hos- 
pital in Hew Orleans. Of this mindier, 179 had peritonitis of appendical origin 
at the time of entry to the hospital. 

Ten patients who either died within twelve hours of entry or in whom an in- 
correct diagnosis wa.s made and incorrect treatment carried out on nousurgical 
wards were excluded from detailed analysis but not from coinput.ation of the 
gross mortality rate. Of la patients with appendical peritonitis entering the 
hospital within twenty-four hours of the onset of their disease, 12 were treated 
by immediate operation with 2 death.s; 3 were treated by conservative measures 
with 2 deaths. Of the 92 patients with appendical peritonitis entering the hos- 
pital from twenty-four to seventy-two hours after the onset of symptoms, (31 were 
treated by conservative measures with 5 deaths. In the 02 patients with appen- 
dical peritonitis entering the hofspital more than seventy-two hours after onset, 
21 wore treated by immediate appendectomy with 10 deaths; 41 patients were 
treated by conservative measures with 3 deaths. Generalized abdominal pain and 
tenderness, rebound tenderness on the left on palpation of the left side of the 
abdomen, absent peristalsis on au.scultation of the abdomen and distention in the 
patient with acute appendicitis are considered very suggestive of appendical 
peritonitis. If, however, the least doubt persisted about the diagnosis of acute 
appendicitis or the presence or absence of peritonitis, Barrow and Ochsner urged 
exploratory laparotomy. 

In the conservative management of patients with appendical peritonitis. Bar- 


row and Ochsner believed the following procedures based on the disturbances of 
physiologic function which constantly occur must be carried out in great detail: 
elevation of the head of the bed to favor localization of residual abscesses, if 


any in the pelvis; no food by mouth, either liquid or solid, to allow complete 
functional rest of the gastrointestinal tract; inhalation of concentrated o.vygen 
and constant suction of gastrointestinal contents either through a Jutte, Levine, 
or Miller-Abbott tube to combat distention; morphine in liberal dosage at regular 
intervals both for its sedative effect on the patient and its tonic action on the 
intestine; infusions twice daily to supply necessary fluid and electrolytes; mul- 
tinle transfusions and adrenal cortex extract for their tonic effect on the patient ; 
If nil'amide as an 0.8 per cent subcutaneous infusion to combat infection, and 
and repeated search for, and appropriate treatment of, residual abscesse.s. 

, ' nf these residu.al abscesses were listed in the order of their fre- 

S r. 1~.. i» »« » P””'" 

^"The left iliac fossa, in the subhepatic space, in the subdiaphragmatie space, 
and symposium on appendiciti.s, Ochsner noted that “there 

In the drscnssiou of „„perforated appendicitis.” Prompt 

was no conserva procedure of choice. In his opinion eon.servative mens- 

appendectomy « ; 3 ;^^! peritonitis should be limited to those patients 

ares in the treatment 0 ‘IP of their infection. In the treatment 


^ith oSSf re-erphr^^^^^^ the importance of full and adcqn.atc 


of these 
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indication for exploratory laparotomy. The signs and symptoms of surgical 
shock were exhibited not infrequently. Dullness in the flanks was found occa- 
sionally. The temperature was usually normal or subnormal immediately after 
injury, but, should inflammation occur, it might become elevated. The prognosis 
in these patients was influenced by the nature and the extent of the traumatizing 
force; by the nature and extent of associated injuries, both intraperitoneal and 
oxtraperitoneal, as well as the interval between injury and operation. They 
advocated the use of through-and-tlirough sutures in the closure of the abdominal 
wall in these patients. 


In the discussion of the two preceding papers, Adolph A. 'Walkling, Philadelphia, 
stressed the importance of a blood bank in permitting early transfusion, as well 
as the importance of thorough exploration in patients with penetrating gunshot 
wounds of the abdomen. He felt that the more rapidly preparations for operation 
could be carried out, the better the prognosis for the patient. In the experience of 
Walkling, the mortality had been 93.7 per cent where exploratory laparotomy had 
not been done and 50 per cent in those patients treated by surgical exploration of 
the abdominal cavity. 

Walter E. Lee, Philadelphia, noted that a gunshot wound of the abdomen was, 
by and large, the most effective known way of committing homicide and was be- 
coming even more fatal due to the higher velocity of the bullets. Lee considered the 
interval between injury and operation to be of great prognostic importance. 

Thomas M. Joyce, Portland, Ore., emphasized the importance of early and re- 
peated blood transfusions and noted that a blood bank made this much easier to 
accomplish. Overlong operative procedure had been associated with a rise in 
mortality rate. In patients with suspected subcutaneous wounds of the abdomen, 
Joyce advocated early exploratory laparotomy where the sliglitest doubt persisted 
rather than waiting until a time when surgical intervention would be of little avail. 


Rettig A. Griswold, Louisville, Ky., advocated prompt operation in patients with 
gunshot wounds of the abdomen whether the patient was in sliock or not. Where 
shock was present, it ivas usually due to massive intraperitoneal hemorrhage 
which is better treated by surgical hemostasis than by supportive measures. Gris- 
wold doubted the wisdom of celiotomy in patients witli icepick or shotgun wounds 
of the abdomen, for in icepick wounds or shotgun wounds from a distance per- 
forations in the gastrointestinal tract become sealed spontaneously. In shotgun 
wounds of the abdomen inflicted at close range, such large defects were made in the 
contliiuitv of the gastrointestinal tract that operation could accomplish little. 

Leo Eloesser, San Francisco, believes that many patients with gunshot wounds 
of the abdomen will die regardless of the type of treatment instituted. He ad- 
vocated the more frequent use of enterostomy, colostomy, and gauze packing 
in desperately ill patients. 


Harry B. Mock, Chicago, cautioned against allowing the presence of au obvi- 
ous liead injury to conceal associated abdoininui injuries. Hock also reported 2 
patients in whom traumatic rupture of the eolon was caused by eompressed air 
introduced into the anus as a Jinietical joke. ' 


' O’Neill, Los Angeles, noted that traumatie rupture of the liver in 

.ui muo ale accidents was not uucoininon and tliat in many of these patients the 
.issociatei hemorrhage would cease spoutuueuu.siy. .Spontaneous rupture of the 
stomaeh, though rare, had also been observed. ‘ “■ 

was^lowuredtT'wtrir’''’’''^ T' ‘‘•hIo.ucu 

surgery ncco--:rv , n 1 transfusions, and the minimum amount of 

litaited vahi.r' ■ " Sulfanilamide was considered to be of 
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eouOition of thu payout, imrikularly tvitere tlicru wjw a Jou' ascorbic acid blood 
Icvul ami hyiioprotoiiiemia, were associated wilh uit iucreuHUil tondoiicy to wound 
disruption.^ Subcliiiica! scurvy was found not iiiicoinmoiily in patients whom they 
studied. K.xperinicntuily in tlie doj?, low vitamin C intake and hypoproteinemiu 
jivoduced by plasmaplieresi.s were u.s.aociatcd with a much higher iiieidDiieo of 
wound aisruption than in controls. Vitamin 0 re<iuircments are increa.s«d by 
lUfoction. Snlfnniianiidc ull'ceta the blood level of vitamin C adversely. 

Ill 20 patients with wound disraption studied by the essayists in 1930, the 
blood levels of vitamin G and plasma protein were below normal. Of tliese pa- 
tients, the great majority had had operations upon the stomaeli or for malignant 
diseu.se. Three per cent of the patients entering the Detroit Kecciviiig nospifal with 
u perforutod pej)tic iik'.Gr luul wound disruption. 

la the discussion of the two preceding papers, Thomas Mackie, jS'ow York City, 
emphasized the importance of the entire nutritional state of the patient rather 
than any one single factor in wound Iicaling. A siibnorninl blood level of ascorbic 
acid does not necessarily indicate scurvy nor is it inevitably associated with an 
increased incidence of postoperative eomplication.s. A low ascorbic acid blood level, 
however, should be viewed as a danger sigual for it is commonly associated with other 
nutritional dedcicncies, all of which should be yorrocted rather than a .single one. 

J. E, Rhoades, Philadelphia, noted that in experimental protein deprivation 
there was very little tendency to fibroblastic proliferation in e.xperimental wounds. 
He suggests three possible meciianisnis which might be re.sponsible for this lack 
of libroblasts; local edema duo to loss of plasma colloid osmotic pressure; inter- 
ference with nutrition by o.xhaustiou of the labile protein store or by interference 
with the circulation. The administration of acacia to experimental animals with 
a low plasma protein helped somewdiat, presumably due to the relief of edema. 

Marshall Bartlett, Boston, emphasized the length of time during whieli the 
plasma vitamin C level was zero before clinical scurvy developed. 

Charles 0. Iiuucl suggested that sufficient vitamin C depletion to be solely 
responsible for failure to wound healing is rare. In such a depleted subject, 
however, vitamin G alone was responsible for a return to normal. Adequate surgical 
tecimique continues to be important. 


Elkin li. Eippy, Nashville, Tenn., in a revieiv of 292 Perforating Gunshot Wounds 
of the Abdomen found that the incidence had increased in the past fifty-one years. 
Of 21 patients in whom abdominal exploration was not done, 23 died. In those 
patients in whom exploratory laparotomy revealed perforation of a viscus, the 
mortality was 61.9 per cent. The mortality increased with increasing age and was 
hi<»her in colored than in white patients. The sooner after injury operation was 
performed, the lower the mortality. The mortality increased in proportion to the 
amount of hemorrhage and the greatest single cause of death was shock and hemor- 
rhage. Injury to the colon was associated with a poorer prognosis than was 
iniury to any other viscus. Patients in whom the duration of operation was be- 
tween one hour and one and one-half hours on the average Iiad a better prog- 
■ than those in whom surgical procedures ivere completed in less than one 
hmir or were prolonged beyond one and one-half hours. Failure to close one 
or more perforations was responsible for death in .several instances. 


Harold Price Totten and X N. O’Neill, Los Angeles, presented a paper on 
Tniuries of the Abdomen. They found the di itguosis iiupossibie to 
Subcutaneous ig gagpeeted. The usual clinical signs and symptoms 

make unless sue i . spleen, intestine, mc.scutery, and urinary bladder 

associated with injui Abdominal pain was the most constant single .synip- 

were considered in e a . ^ monnting pulse rate, was eon-sidered siifimicnt 

tom and tliis, when asspeiated intn a 
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(lied. Tiiere was residual iiiipairiuent in function in many more. Early radical 
debridement was urged, followed by either local or sj’stemic exhibition of sul- 
fanilamide. Debridement was also carried out in old injuries. 

In the discussion of this paper, Michael L. Mason, Chicago, noticed that such 
injuries are becoming more frequent. In superficial injuries the prognosis is good 
under conservative management. In deeper injuries there is usually much dead 
and devitalized material which should be removed. He does not favor cauteriza- 
tion of the tissues with chemicals or the electrosurgical unit. The lacerations are 
left widely open. In such injuries, coming for medical attention some time after 
their injury, debridement is followed bj' the liberal application of zinc peroxide, 
splinting of the injured member, and bed rest. Conservatism was advocated in the 
treatment of involved bones and joints. 

Frank E. Meleney, New York Citjq said that fusiform bacteria, anaerobic and 
aerobic hemolytic streptococci, and spirochetes were found in such injuries and that 
under treatment the nonhemolytic bacteria disappeared first, followed by the fusi- 
form organisms. The spirochetes were the last to leave. Zinc peroxide had been 
much more effective in the control of these organisms than arsphenamine. He 
urged repeated aerobic and anaerobic cultures to help evaluate the clinical course 
of these patients. 


Claude E. Welch, Boston, urged early immediate drainage in these patients 
except in the presence of spreading lymphangiitis. In early cases electrocautery 
excision of the injured area had been found satisfactory. In 31 patients with 
human bite infections seen at the Massachusetts General Hospital, the injury was 
at the metacarpophalangeal joint in 18. Four of these patients required an am- 
putation. 

In conclusion Boland emphasized the importance of knowing the usual route of 
spread of infection and of alertness in treating such complications as might arise. 


Thomas M. Joyce, Portland, Ore., in his Chairman’s Address, Combination of 
Old and New Methods in Repair of Inguinal Hernia, gave an interesting his- 
torical review of the surgical treatment of hernia, noting that the injection treat- 
ment of hernia is at least 150 years old and that until recently surgery has been 
considered a last resort. Following the development of anatomic dissection and 
repair of hernia b 3 ' Bassiui and Halstead, McArthur suggested the use of a strip 
of fascia taken from the aponeurosis of the external oblique to reinforce the 
suture line. ICirschner proposed the use of a transplant of fascia. Gallie sug- 
g(;sted the use of sutures of fascial strips taken from the thigh and later the use 
ot a mail)' tailed fascial graft. Wangensteen suggested the use of an iliotibial 
fascial graft. 


•Toyce advocated the routine use of fascial strips obtained either from adjacent 
f.iscia or from the thigh, and felt that this was particularly indicated in direct 
inguin.al, ventral, or recurrent hernias. He advocated the suture of fascia to 
fascia for, when muscle was sutured to fascia, satisfactory union was unlikelv. 

e reported 1S4 personal cases in which fascial strips had been used with but a single 
recurrence. Local anesthesia was not used. In 3 patients in whom wound infec- 
t'un developed, the fascia did not slough out. 


Carrington Williams and Paul Kimmelsticl, Richmond, Ya., reported S patients 
Wit 1 Syphilis of the Stomach. In all of these patients ulceration occurred in the 
^(h'on of the pylorus secondary to an infilfrating lesion in the submucosa. The 
s'i,n.s and symptoms are suggestive of carcinoma of the stomach. Roentgen-ray 
oul'v'""*'°'* ’’''ows a funnel deformity of the lower end of the stomach. This is 
Us ' pathoguomonic. On gro.ss examination the ulcerated area is 

Iviim' ^Tay would have led one to suspect. The tributary 

. mp 1 nodes are enlarged. On microscopic examination, tliere is diffuse round- 
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Beod M. Nesbit and Eigdon K. Eatlifl, Ann Arbor, in their report on 

Hypertension Associated With Unilateral Kidney Infection stated that hyper- 
tension had been aliovvn both experimentally and clinically to be associated with 
unilateral or bilateral damage to the kidneys in certain instances. Patients in 
whom there i.s renal damage account for the largc.st group of therapeutic failures 
following nonro.surgical operatioms. Two patients were reported with hypertension 
and occlusion of one renal artery. In fhe.se patients .syinptoniafic relief followed 
nephrectomy, drnunuitie iiijiuy to tiio kiilney wdth the production of a parenchymal 
infarct or urinary obstruction and i.schemia due to obliteration of the parenchymal 
blood supply may liavo the .same elTeet. In C of 10 patient.s with unilateral 
chronic pyelonephritis and hypertcn.siou, there was iniproveinont following uni- 
lateral iieplireetoniy. On pathologic e-xaminalion of these kidneys, arteriolar 
thickening was found. In the authors’ opinion, chronic infection was the mo.st 
frequent otiologie agent producing unilateral kidney damage associated with 
hypertension. Nesbit nnd Ilatlitf caution that hypertension does not always 
follow damage to kidneys and that, if a patient has renal damage asid hyper- 
tension, it docs not of iwces.iity follow that the former is responsible for the latter. 

In the discussion of this paper, E. Granville Crabtree, Boston, noted that, in 
bis opinion, hypertension will eventually be considered as the end result of 
pathology elsewhere. It lias boon known to result from unilateral kidney damage 
within si.x iiioiith.s. In many in.stance.s, however, histologic changes may be found 
in the kidney in tlio absence of hypertension. 


Henry A. Schroeder, New York City, stated that, in his opinion, there were 
two factors responsible for hypertension in patients with unilateral kidney disease, 
one renal, the other constitutional in nature. And that, although regression of hyper- 
tension might follow nephrectomy, the patient w'as still a potential hypertensive 
and the relief might be only temporary. 


George W. Eisb, New York City, suggested that the renal arteriolar lesions 
might be tlie result rather than the cause of liypertension. The best therapeutic 
results from unilateral nephrectomy hare been obtained when the hypertension 
is of less than tw'o years’ duration. Ho reported a patient wdio had died from a 
pulmonar 3 ' embolus following unilateral nephrectomy in a patient with unilateral 
renal disease and liypertension. Although the patient’s hypertension had been low- 
ered autopsy showed that arteriolar damage had already occurred in the remaining 
kidney. He e.xpressed the hope that a substance could be found to neutralize the 
pressor substances released by danmge to the kidney parenchyma. 

In closing, Nesbit said that all the patients considered here had entered the 
hospital with the diagnosis of essential hypertension. There was nothing in the 
patient’s historj' to .suggest an organic lesion. In patients on the urologic service 
the incidence of hypertension is low. 


Frank E. Boland, Atlanta, Ga., presented a paper on Morsus Humanis. Human 
bite infeetiou occurs in two ways, one by striking the teeth of an opponent with 
the knuckles, the other as the victim of a bite. E.xcept on the hands or hngers, the 
esuHs of human bites were similar to the result of injuries from other agents. In 
1 bite injuries to the knuckles serious infections and unfortunate sequelae 

humau aissolution of tissues, virulent bacteria, spread by 

niTiing action of tendons, and the difficulty of cleaniug the joint and its 
7 In this n-roup of patients bites inflicted by negroes were more serious 

capsule. 1 ... irhite people and in Boland's experience were becoming 

than those m blue-gnmuied negro was no more fatal than that 

even more virulenr. observations on the teeth of dog.s, Boland concluded 

of any other ,,,ith tlie bacterial flora of the teeth. In 

that the type o hand osteomj-elitis developed in 6. One patient lost 

17 human bite Unirer 1 the entire thumb and forefinger, and 1 patient 

a phalanx, 2 an entire linger. 
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sol; eighth, ulceration in the suture line; ninth, hypoproteineniia with edema 
and impaired motility. Hong and Sauntler.s propo.sed ana.stomosis of the afferent 
and efferent loops of jejunum beginning at the point of anastomosis with the 
.stomach. In several patient.s in whom the pvocedvirc had been used, satisfactory 
results were obtained. 

In the discussion of these paXJors, Alton Ochsnet, New Orleans, einphasixed the 
importance of suspecting carcinoma in the stomach in patients with vague abdominal 
complaints. In 6 patients with carcinoma of the stomaeli seen in the Charity Hos- 
pital of New Orleans, previous appendectomy had been performed elsewhere through 
a buttonhole incision for vague abdominal symptoms. Two per cent of all autopsies 
performed at the Charity Hospital were done on patients with carcinoma of the 
stomach. Ochsner emphasized the importance of tlie clinical investigation of 
Julius Bauer in which it was shown that individuals whose families had a high in- 
cidence of benign peptic ulceration as well as gastric carcinoma were particularly 
likely to develop a gastric malignancy. The importance of this is that patients 
with a benign lesion of the stomach in whose family history there is a frequency 
of peptic ulceration should have a subtotal gastric resection because of the greater 
likelihood of this ulcer’s becoming malignant than that in an individual whose f amity 
history is negative for gastric disease. 

William Barclay Parsons, New York City, felt that the presence of any gastric 
ulceration should be regarded as highly suggestive of cancer. The gastroscope may 
be of some value in establishing the character of these lesions. 


Arthur W, Allen, Boston, noted that better preoperative preparation, better 
technique, better selection of the type of operation used, and a more adequate 
knowledge of biochemical disturbances were all permitting more e.'ctensive surgery 
on patients with gastric lesions than had ever been possible before. In patients 
developing obstruction following gastroenterostomy or gastric resection, marked 
inflammatory changes occur around the site of anastomosis (an observation em- 
phasized later by Howard K. G-ray) and, although jejunoplasty may be possible, 
It is a major surgical procedure. The simpler operation of jejuuostomy will 
permit adequate nutrition of the patient while the inflammation surrounding the 
malfunctioning stoma subsides, allowing the re-establishment of function through 
the original stoma. Five patients in whom this complication occurred were 
treated by jejunostomy with satisfactory results. In one instance feeding through 
tho jejunostomy tube was necessary for thirty-five days. 


John H. Powers, Coopeistown, N. Y., in an analysis of 500 Automohile Acci- 
dents in a Rural Area Traversed hy a Transcontinental Highway found that thej^ 
occurred most frequently during the summer months in clear weather on dry hard 
roads during daylight hours. Powers believed that excessive speed, a lack of 
knowledge of the usual hazards of the highway, and unfamiliarity with the territory 
traversed were responsible for the majority of these. The mortality in this series 
of patients was 8.5 per cent. 


In the discussion of this paper, Alan Dep. Smith, New York City, believed 
that it was the reckless driver who was largely respousilfle for automobile accidents 
mt the innocent driver was no less apt to suffer. In his opinion revocation of 
I riviiig licenses should be more frequent, and perhaps licenses should not be 
J-ssued at all to minors. He further advocated compulsory insurance to defray hos- 
al and medical expenses of injured persons. 

Powcr.s, m closing, suggested that 95 per cent of all highway accidents were due 
to negbgm.ee and were preventable. Of 712 patients admitted to the TlSv 
Imogene Bassett Hospital, 7.3 per cent paid in full, 12 per cent in L ^ 

?20,OoTL'thfhoipitar"^ whabsoever, the latter representing a loss ’of over 
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coll iiililtiatioii. iruo f^uuuuas with or without j^ijiut coIIh luiiy occur. Prolifera- 
tive oudiirteriti.s occiir.s, hut it is not .specific to sypliili.s of the .stomach. The 
uiills of the voins scorn to ho ciicroiiohud upon with destruction of the clnstica 
and oblitoratioii of the lumon. Spirochetes are not u.sually found nor can syphilis 
he produced hy the iutratostioular injection of this material into rahhits. The 
diagnosis must ho made upon the history, clinical finding.s, and serology as well 
as the pathology. In (1 ijatients resection of the pylorus was accomplished adtli- 
out a fatality. One patient died at .a siihsequent date from massive hemorrhage; 
3 have remained well; and 2 have heon lost to follow-up. 

Karl A. Meyer, Chicago, in the discussion of the above paper said that he be- 
lieved the incidence of syphilis of the stomacli was increasing. The outstanding 
clinical phenomenon is a gradual decrease in the capacity of the stomach. Diag- 
nosis upon x-ray evidence alone is unsatisfactory. Spirochetes when found in the 
stomach may be A^inceut’s organisms rather than Spirochaetae pallida. 


In a report on Cancer of the Stomach With Particular Reference to the Sig- 
nificance of Persistent Symptoms Ascribed to the Stomach and the Malignant 
Potentiality of Gastric Ulcers, Howard K. Gray, Rochester, Jfinn., noted that 
two and one-half times as many people had died of cancer of the stomach in the past 
fifteen years as in all the wars in which this country had been engaged. He em- 
phasized that the signs and symptoms of carcinoma of the stomach were frequently 
vague and indefinite until the tumor had become so largo that successful therapy 
was no longer possible. Gastric carcinoma may be suggested by symptoms simi- 
lar to those of a peptic ulcer, by vague and indefinite abdominal complaints, by 
gradual loss of weight over a prolonged period (unexplained hypoohromio anemia), 
or by a sudden massive hemorrliago. The appearance of the symptoms of carcinoma 
of the stomach usually included in textbooks generally indicates an advanced 
and incurable carciuoma of the stomach. 

In one-third of the patients with carcinoma of the stomach observed by Gray 
there had been a "typical” history of peptic ulcer; in three-fourths there had 
been persistent symptoms without remission; in one-fourth the symptoms had per 
sisted for more than a year. In one-fourth of these patients there had been a 
ehano-e in type in gastrointestinal symptoms of long standing. In some patients 
there” were no symptoms referable to the gastrointestinal tract. 

In three-fourths of the patients seen with supposed benign gastric ulcers, im- 
mediate operation was advised. In the remaining one-fourth hospitalization and 
continuous observation were urged. Although even in patients with carcinoma of 
ke stomach ulcer niches have been known to disappear, prompt disappearance of a 
cr strio ulcer under conservative measures is strong evidence against carcinoma. 

In patients with carcinoma of the stomach, 50 per cent were deemed inoperable 
^ time of observation. In 25 per cent of those patients resection was pos- 
•11 '*^30 per cent of these survived five or more years. Only the surgeon can 
offer any hope to the patient with carcinoma of the stomach. 


Hoag and John B. deC. M. Saunders, San Francisco, urged Jejunoplasty 
Carl i- following Gastroenterostomy or Subtotal Gastric Resection if 

for Obstruc lo ^ period of con.servative treatment. They listed 

relief does no obstruction in these patients as: first, an improperly 

the most frcquen small a stoma, a complication more frequent when 

placed stoma; contraction of a previously dilated stomach; third, 

insufficient allonanee intestine by traction and rotation or too long a loop 

, a proximal loop or v 


too short a proxinia o j^j^gg^tery too stiff to accommodate changes in the position 
hy distention; foni h iggnate fixation of the stomach to the mesocolon with suh- 
of the stomach; adhesions in the region of the stoma; seventh, tension 

sequent herniatio»; six , when the anastoraosi.s Inis been to the right of this ves- 
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used. Ill those patients developing signs of increased intracranial pressure, limi- 
tation of fluid intake to less than 1,200 c.c. daily, magnesium sulfate by mouth or 
enemas, the intravenous injection of hypertonic glucose or sucrose, and lumbar 
puncture were advocated. 

Operative interference was limited to those patients with a depressed frac- 
ture or extradural hematoma. The mortality in patients operated upon was 50 
per cent. 

In the discussion of this paper, S. Bernard Wortis, New York City, stated that 
in his experience conservative measures by and large had been attended with 
the most satisfactorj' results, although the treatment of each patient had to be 
individualized. 


Bonald Munro, Boston, suggested that it was impossible to present compara- 
tive statistics without an accepted and standard classification of these patients 
on the basis of the extent and type of injury to the brain. In the large group of 
patients with head injuries seen at the Boston City Hospital, there were many 
patients with compound fractures of the skull, which exerts a profound effect 
upon the mortality rate. In 2.2 per cent of the patients, extradural hematomas were 
encountered. Three hundred patients with subdural hematomas have been seen. 
Munro advocated early and thorough operation in these patients. The mortality 
rate was 31 per cent. 


In closing, Harold C. Voris related that his experience with operative inter- 
ference in patients with a subdural hematoma had not been a happy one. 


Joseph S. Barr, Boston, reported the Indications and Technigue for Operative 
Treatment of Fracture of the External Tibial Condyle (Bumper Fracture) as 
developed in the Fracture Clinic of the Massachusetts General Hospital. In those 
patients the external semilunar cartilage is usually torn in addition to the frac- 
ture of the external tibial condyle. The type of treatment indicated depends upon 
the degree of displacement of the external tibial condyle. Where this is less than 
one-half inch, good results can be anticipated from conservative measures; i.e., im- 
mobilization until the swelling subsided (aspiration of the knee joint does no harm 
but is usually not necessary) . Weight bearing is forbidden for ten weeks and a brace 
IS worn for from two to six months longer. Physiotherapy is used throughout the 
treatment. 

In those patients with more than one-half inch displacement, operative replace- 
ment of the fragment is necessary to prevent hypertrophic changes in the knee joint 
and interference with its function and stability. When operative interference is 
undertaken, Barr recommends removal of the damaged semilunar cartilage and 
fixation of the replaced fragments by a long vitallium screw held by a nut and 
washer. The screws are removed at the end of a year. The average period of 
disability in these patients was eight months. 


In the discussion of this presentation, Carl E. Badgley, Ann Arbor, Mich, 
noted that there were many types of this fracture and that there might even be 
posterior rather than lateral displacement of the fragments. The choice of coii- 
herv.i ive or operative treatment as well as the type of operation employed must 
depend upon the pathology found in the individual patient. 

l.aGeMls^'li!snn;."f'‘''T ‘"'o Problems in these 

where the roent.wn r- r I '^-..e architecture, and second to hold it. Even 
cedure of clioice”for nl ? “ operation may be the pro- 

shown l.v the x-rav ‘‘^tomsive ...jury .s t.e.p.e..tly found by operation than 
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Janies S. Speed and Harold B. Boyd, iremphiH, 'I'oiui., summarized tlieir experi- 
ciicu with (>2 patients with Bracturc of the Ulna With Dislocation of the Head of 
the Badius (Monteggia Bracture). In S.’t per cent of tlio.so patients there was an 
anterior dislocation of the radiusj iii 7ii per cent the fracture of the ulna was 
ill the upper third, A fracture of the ulna xvith angulation or displacement 
strongly suggests an accompanying di.slocation of the head of the radius, although 
the latter may bo difficult to determine by^ x-ray examination. Eceognition and 
treatment of both lesions are imjmrtaut, for, if adequate correction is not ob- 
tained, arthritic changes in the elbow joint and limitation in pronation-supina- 
tiou are to be expected. The maintenance of adequate fixation by conservative 
menus in such patients may be difficult or impossible. In these instances Speed 
and Boyd advocate operative fixation of the head of the radius by a sling of 
fascia obtained from the deep muscles of the arm. Approach to the head of the 
radius was obtained through an incision along the subcutaneous border of the ulna 
with reflection of the supinator and anconeus muscles. In this way no muscles 
are divided or split. Where the injury' was of long duration, excision of the 
head of the radius was advised. In patients with nonunion of the ulna, an onlay 
bone graft was recommended. 

In the discussion of this paper, Herman F. Johnson, Omaha, Neb., emphasized 
the difficulty' in nialring a diagnosis of anterior dislocation of the elbow by roentgen- 
ray examination and suggested the malting of x-r.ay plates of both elbows in 
these patients. He suggested the use of steel pins for fixation in compound frac- 
tures or fixation of the fragments by' a Kirschner wire introduced through the 
olecranon process and threaded the entire length of the ulna. 


Benjamin Franklin Buzby, Camden, N. J., noted that every oblique fracture 
of the ulna must be accompaaied by' a dislocation of the head of the radius. 
He further noted that excision of the head of the radius in adults was accom- 
panied by' but little disability, but in children it was not uncommonly' followed 
by disturbances in growth. 


G. Mosser Taylor, Los Angeles, reported a patient w-ith a fracture of the ulna 
and dislocation of the radius in whom there was but 50 per cent pronation treated 
by' conservative measures followed by five manipulations under anesthesia. 


Albert Key, St. Louis, was of the opinion that satisfactory results could be 
obtained in a certain number of these patients by conservative me.asures. In 
compound fractures he advocated the local application of sulfanilamide. Surgical 
intervention in these patients requires specialized knowledge. 

Ill closing, Boyd remarked that the power of the supinators of the forearm 
is enormous'^'and makes adequate fixation by conservative measures almost im- 
possible. 


H rold 0. Voris, Adrien Verbruggben, and Jerry J. Kearns, Chicago, reviewed 
1100 patients with Head Injuries seen in the Cook County Hospital, 
more ’ g^g.fourth of these were due to automobile ijijuries, one-fourth 

Approxma assault, and the remaining one-fourth to misceilaneous 

to a fall, oae- patients, there were associated injuries. Tlie 

causes, la ^ j 3 gent. In the variou.s age groups the 

mortality tor . an inerea.se in age. Forty per cent of the patients 

did uoThave a deLnstrable fraeture of the skull, 
who died Q patients intravenous glucose was given if they were in 

In, the treatment 0 ,vas not used. X-rays were deferred until it w.as 

shock or collapse- M ylorphia, particularly in the early stages, was not 

deemed safe to take them. - 
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sible and directed that it he made directly over the diseased tissue. He urged 
closure of the peritoneum in these patients without drainage. 

This x>aper invoked a very considerable amount of discussion. Fred E. Fair- 
child, Woodland, Calif., re-emphasized the need for intestinal decompression and 
discussed the Miller- Abbott tube, which he said had saved the lives of 2 
patients in his clinic in the preceding year. He reported a mortality rate of 1.02 
per cent in COO cases of appendicitis. Thomas M. Joyce, Portland, Ore., empha- 
sized the value of the muscle-splitting operation, i.e., the McBurney incision, and 
reported that at times he used the Ochsner treatment without surgery. F. L. 
Reichert, San Francisco, emphasized the need for care of the tube and sugge.“ted 
that, if such care were neglected, tracheal stenosis might develop. 

The Management of Surgical Injuries to the Ureter, Alexander B. Hepler, 
Seattle, Wash. — The author limited his discussion to the management of surgical 
injuries to the ureter which occur accidentallj' in the course of pelvic operations, 
and therefore are primarily the problems of the pelvic surgeon. He believes that 
such an injury is much more common than is usually thought. The author en- 
countered 6 cases, 1 of which was bilateral, in his private practice in the last ten 
years. If the ureteral injury is recognized at the time of operation, the author 
advises ureteroureterostomy if possible, with an indwelling ureteral catheter 
leading out through the urethra. Ureterostomy should be performed above the 
anastomosis by feeding a small ureteral catheter from a slit in the ureter out 
through a stab wound in the flank. If ureteroureterostomy is not practicable, 
ureteroenterostomy should be done. If the accident is discovered postoperatively, 
ureterostomy rather than nephrostomy is the temporary procedure of choice. 
Later, intestinal implantation of the ureter might be done. 

Prank Hinman, San Francisco, said that he could not agree that ureterostomy 
is better than nephrostomy. He prefers nephrostomy in cases of ureteral block 
at operation. He also advised the use of ureteral catheters in cases in which 
injury is suspected at the time of operation. He believes that the average sur- 
geon should not attempt ureteroenterostomy when an injured ureter is found dt 
the time of operation. He pointed out that many minor injuries of the ureters 
Ileal themselves. 

A. J. Scholl, Los Angeles, suggested the use of ureteral catheters placed in the 
ureters before operation for extensive pelvic disease. These catheters are of tre- 
mendous aid to the surgeon in recognition of the location of the ureters, thereby 
permitting avoidance of them. Ligation of tissue in the region of the ureters 
■should be done with absorbable ligatures, as tlieir absorption may relieve an ob- 
structed ureter. Ligatures and sutures of silk or linen would cause permanent 
obstruction. 


Ureteral Stones, a Nonsurgical Method of Treatment, Albert J. Scholl, Los 
Angeles. Scholl first discussed the paper of Hager, who advised the use of pro- 
stigmin for ureteral stones in the hope that the vagotonic action of this drug might 
increase the natural expulsive force of the ureter. The dosage is 1 c.c. of 1:2,000 
solution injected subcutaneously every four hours for four doses. Its use is cou- 
tiaindicated in feeble patients and in those subject to asthma. The author dis- 
eu.ssed the records of several of his own patients, 7 of whom have remained in the 
lest of health. He advised one or two series of injections in an effort to aid in 
expulsion of the stones before resorting to more extensive metliods of maninubi- 
tion or surgical removal. 

■Slop's I'eeU Umt' nmlnl 

used when prostbunin i ® prostigmin and should not be 

1 • « n is employed. Ho finally had several doses of pro.stigmin and 
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la closing, Burr noted tliut traction or niauipulation of the }eg is without effect 
upon, the position of tiie tibial eoiulyle, Operiitive interference is a major surgical 
procedure iiini rtupiires hpeeialized techiiiipio and experience. In old fractures with 
union in poor position, as.sociuted with disability, the same procedure is advocated 
following refracturo of the fragments. 

Bufus H. Alldredge, ICew Oriean.s, in lii.s paper on Complicated Pott’s Prac- 
tures Requiring Open Reduction, noted that this fracture wa.s the result of ex- 
ternal rotation nnd in .some iinstanccs wa.s a.ssoeiated with e.xtoiisive ligamentous 
damage ns well as a fracture of the ftbula. Whore this damage was sufficient to 
resnlt in a widening of the ankle mortis, a iJuinful osteoarthritis was the usual 
result unless this deformity was corrected, Wliere there was no interposition of 
soft parts, early aecurato reposition of the fragments was not ditfieult and was 
usually followed by satisfactory function. 

Ill certain instances, however, particularly where ligamentous structures failed 
to heal, there was both anteroposterior and lateral instability. Internal ff.xation 
of the fragments, particularly fi.xation of the lower end of the fibula to the tibia, 
in these patients was associated with satisfactory functional results. Operative 
technique was described in detail. 

In the discussion of this paper, Clay Ray Murray, Kew York, N. Y., stated 
that a diastasis of the ankle mortis was of more importance to the patient than 
the associated fracture, and it was important to determine its presence or absence 
at the original examination. In his experience surgical intervention wlien necessary 
witli particular attention to tight fixation of the lower end of the fibula to the 
tibia had been associated with good recovery of faaetioa. Weight-bearing should 
be avoided for at least tu-elve aeeks when a diastasis e.xisted. 

Cr. E. Eaton, Baltimore, deprecated reliance upon fluoroscopic examination of 
patients with suspected fracture, since it was not entirely reliable. 

In closing. Alldredge noted that a posterior fragment of bone, unle.ss rather large, 
could be replaced satisfactorily by external pressure. 


EEPORT OP THE MEETING OF THE PACIFIC COAST SURGICAL 
ASSOCIATION, PORTLAND, ORE., APRIL 3-6, 1940 
H. H. Searls, 5I.D., S.ik Francisco, C.alip. 


President’s Address. Richard B. Dillehimt, Portland, Ore.—Dillehuiit discussed 
the nroblem of supplying sufficient opportunities for young graduates in medicine 
t fnifdl the requirements which will permit them to take the e.xaminatioiis given 
the various boards of surgery and the surgical specialties. He observed that, 
L sufficient number of residencies are to be .approved, many of these must be 
. f . eldue- ilospitals and that, in such case, the resident should be assigned 
T r’^nntstaiiding surgeon of its staff rather than to the hospital, thereby making 
to the o ^ responsible for adequate training of the resident. In !us 

such a sta , might give way to a single high standard of 

“fSements for Fellowship in the American College of Surgeons. 

With CompUcations— Reduction of Mortality by Coniimious Gas- 
Appendicitm Ward, San Francisco.— Y'ard, wlio originated the use of 

trie Lavage, Boh® treatment of pcritoniti.s and ileus, emphasized 

continuous gastric of the patient with acute perforative .appendi- 

its value in the mnscie-splitting approach of AIcBurney when po.v- 

citis. He hdvised the use 
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sible anil directed that it he made directly over the diseased tissue. He urged 
closure of the peritoneum in these patients without drainage. 


This paper invoked a very considerable amount of discussion. Pred B. Pair- 
child, Woodland, Calif., re-emphasized the need for intestinal decompression and 
discussed the Miller- Abbott tube, which he said had saved the lives of 2 
patients in his clinic in the preceding year. He reported a mortality rate of 1.02 
per cent in 600 cases of appendicitis. Thomas M. Joyce, Portland, Ore., empha- 
sized the value of the muscle-splitting operation, i.e., the ileBurney incision, and 
reported that at times he used the Ochsner treatment without surgery. P. L. 
Beichert, San Prancisco, empliasized the need for care of the tube and sugge.^ted 
that, if such care were neglected, tracheal stenosis might develop. 

The Management of Surgical Injuries to the Ureter, Alexander B. Hepler, 
Seattle, Wash. — The author limited his discussion to the management of surgical 
injuries to the ureter which occur accidentally in the course of pelvie operations, 
and therefore are primarily the problems of the pelvic surgeon. He believes that 
such an injury is much more common than is nsuallj’’ thought. The author en- 
countered 6 cases, 1 of which was bilateral, in his private practice in the last ten 
years. If the ureteral injui'y is recognized at the time of operation, the author 
advises ureteroureterostomy if possible, with an indwelling ureteral catheter 
leading out through the urethra. Ureterostomy should be performed above the 
anastomosis by feeding a small ureteral catheter from a slit in the ureter out 
through a stab wound in the flank. If ureteroureterostomy is not practicable, 
nteteroenterostomy should be done. If the accident is discovered postoperatively, 
ureterostomy rather than nephrostomy is the temporary procedure of choice. 
Later, intestinal implantation of the ureter might be done. 

Prank Hinman, San Prancisco, said that he could not agree that ureterostomy 
IS better than nephrostomy. He prefers nephrostomy in cases of ureteral block 
at operation. He also advised the use of ureteral catheters in cases in which 
injury is suspected at the time of operation. He believes that the average sur- 
geon should not attempt ureteroenterostomy when an injured ureter is found At 
the time of operation. He pointed out that many minor injuries of the ureters 
heal themselves. 

A. J. Scholl, Los Angeles, suggested the use of ureteral catheters placed in the 
ureters before operation for extensive pelvic disease. These catheters are of tre- 
mendous aid to the surgeon in recognition of the location of the ureters, thereby 
permitting avoidance of them. Ligation of tissue in the region of the ureters 
should he done with absorbable ligatures, as their absorption may relieve an ob- 
structed ureter. Ligatures and sutures of silk or linen would cause permanent 
obstruction. 


Ureteral Stones, a Nonsurgical Method of Treatment, Albert J, Scholl, Los 
-kngeles. Scholl first discussed the iiaper of Hager, who advised the use of pro- 
stigmin for ureteral stones in the hope that the vagotonic action of this drug miglit 
increase the natural expulsive force of the ureter. The dosage is 1 o.c. of 1:2,000 
solution injected subcutaneously every four hours for four doses. Its use is con- 
fiaindicated in feeble patients and in those subject to asthma. The author dis- 
cussed the records of several of his own patients, 7 of whom have remained in the 
jest o health. Ho advised one or two series of injections in an effort to aid in 
expu hioii of the stones before resorting to more extensive methods of maninul-i- 
tion or surgical removal. ^ 


W. A. Taylor, Lllensburg, Wash., who was treated by , Scholl for ureter-il 
Slones, feels that n,orpl,i„e counteracts the effect of prostigmiu and should not ? 
used when prostigmiu is eioT,lnv„i rr c n i , sliould not be 

1- tmplojed. He finally had several doses of prostigmin and 
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(lescrihud it.s ell'ect.s on thu recfum uiid the coiilrnl nervous s^'sfein. Ife then 
reUiteil tlio expulsion of u stono from tlie iiretor into the hliKldcr with such 
force tlnit he felt it oeeur. A. B, Hcpler, .Seattle, Wash., in discussing .Scholl’s 
paper, agreed that prostigmin is of consideralde value. 

Umbilical Endometriosis, Herbert S. Chapman, .Stockton, Calif.— Although 
apparently endorsing the .Sainp.son theory of endometrial transplants as the etio- 
logio factor in nio.st ea.ses of eudoinetrio.si.s-, the author believes that this theory 
doe.s not e.vplain cndoiiiotrwuis ol" the umbilicus. In rovieiving the litornturo ho 
di.scovered that appro.ximately 100 ca.se.s have been reported and concluded that 
endometriosis of the umbilicus no longer may' bo considered a rare entity. 


B. E. Watkins, Portland, Ore., reported sci'eral case.s. Edmund Butler, Sun 
Francisco, described the dangers entailed by' tbe ditlicult resection of endo- 
metrial tumors in tbe pelvis, Beeauso of tbe great likelihood of injury' to the 
rectum, ho .suggested that ia many' instaiice.s .sterilization surgically' or by x-ray' is 
a more rational procedure than excision of the tumor. G. C. Schauffler, Portland, 
Ore., reported 51 cases of endometriosis in laparotomy scars. 


Tumors in Infants and Children; Conservatism in Surgical Therapy, Clarence 
W. Brunkow, Portland, Ore. — The essay’ist made a plea for comservatism in surgi- 
cal procedures on the infant. Such coiiservati.sm consists of speeding up the 
operative procedure, limiting the length of operation to one hour and the loss of 
blood to 1 ounce, llultiple-st.-ige proceduj'cs should be used if the oper.ation can- 
not bo finished witliin these limit.s. He presented a series of 115 cases of infant.s 
operated upon for congenital maldevelopment, new growths, inflammation, me- 
chanical factors, and trauma and u.sed this series to defend his stand for con- 
servatism. 


W. J. Norris, Los Angeles, pointed out that netirly 20 per cent of all malignant 
tumors in children occur iii the kidney'. He suggested that peritoneoscopy' is of 
value in the diagnosis of abdominal tumors in children. Donald Trueblood, 
Seattle, advised that for hemangiomas of the skin surgery' is a better method of 
treatment than x-ray or radium. He also emphasized tbe importance of multiple- 
stage operations and conservatism in surgery. 


The Treatment of Massive Hemorrhage in Peptic Ulcer, Caleb S. Stone, Jr., 

Seattle. Stone reviewed the literature and reported a series of cases from the 

Mason Clinic. He believes that in patients under 50 years of age surgery for the 
control of hemorrhage is rarely indicated. In patients over that age, however, 
massive hemorrhage is an indication for early' operation. Gastric resection is 
his choice of operation. Repeated transfusions to maintain blood volume must 
be'cOTtiuued throughout the preoperative period. 


Otis Lanison, Seattle, was inclined to be more conservative than Stone. He 
1 that in his own practice he Imd never had a patient die of hemorrhage 
repoi e > (junby^ Seattle, pointed out that, if the patient can 

from a peptic uwci. 

be tided over 
tbe bleeding is 


the lirst hemorrhage, x-ray' studies will determine whether or not 
from au ulcer and, if an ulcer is present, where it is located. 
I of ivrcat value to the .surgeon. 


This, of course, is i 

♦ ■ raise Saccular Aneurysm Resulting Prom Erosion of the Pemoral 
Traumatic Hereditary Deforming Chondrodysplasia, Edmund Butler 

Artery in a Pa len ^^^ Ki-ancisco. — Choiidrody.spla.sia is a di.sea.se of the 

and Martin De ® resulting in characleri.stie deformities ami the (ievelopimmt 
growth period, ®“^itvomas." i:nle.s.s located near large ve.ssel.s or aerve.s, o.sleo- 
of multiple ..„Ji.,’tcd with syiiiptoiii.s. When located near a large artery, 

i.hondroimis rarely are . the bone caa.se.s injury to (he arterial 
tUe uulsatmn ot tm- ■■ 
however, the 
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wall and the formation of a traumatic false aneurysm. The authors reported such 
a case in a young girl in whom a false aneurysm of the femoral artery developed. 
Belief was obtained by ligation of the femoral vessel and excision of the sac. 

Cancer of the Breast, A. Aldridge Matthews, Spokane, Wash. — ^hlatthews dis- 
cussed his series of tumors of the breast, including cancer. He suggested that 
the modern tendency to wean babies early may be a factor in the development of 
carcinoma of the breast. 


The Curability of Cancer of the Breast, a Ten-Tear FoUow-XJp, Edwin I. 
Bartlett, San Francisco. — Bartlett reported the statistics of the University of 
California Hospital for operations for cancer of the breast. 

These two papers were discussed by Otis Eamson, Seattle, who emphasized the 
need for thoroughness in this operation and urged that no sacrifice be made of 
such thoroughness even when x-ray therapy has been planned as an adjuvant. 
He urged radical mastectomy, even with a history of long duration and in the 
presence of axillary metastases if x-ray examination failed to demonstrate intra- 
thoracic extension. A. E. Kilgore, San Francisco, Calif., discussed the place of 
radiation therapy in cancer of the breast. He does not use such therapy for 
patients who have no axillary involvement. He pointed out the discomfort of 
a severe x-ray burn, the possibility of increased swelling of the arm from blocked 
lymphatics, and the added expense to the patient as reasons for seriously con- 
sidering each case individually before recommending x-ray therapy. 


Pulsion Diverticula of the Hypopharynx, Charles T. Sturgeon, Los Angeles. — 
Sturgeon reported a large series of cases and discussed their treatment. 

T. M. Joyce, Portland, recommended the indwelling catheter and the one-stage 
operation when possible. He has had no difficulty with the recurrent laryngeal 
nerve in his series. H. Glenn Bell, San Francisco, Calif., suggested that it is very 
difficult to put a tube down before operation, but very simple to place it at opera- 
tion. He recommended its use, pointing out that the patient could be fed im- 
mediately. He reported the cases from the University of California Hospital. 

Throughout the discussion there was much talk about single-stage and two- 
stage operations. 


Some Unusual Tumors of the Cervical Region, Thomas M. Joyce and Prank 
Menne, Portland, Ore. — ^In this paper the authors discussed tumors of the region 
of the neck and face and reported eases to illustrate each type. They divided 
their cases into: (1) primary tumors of the salivary glands; (2) unusual tumors 
originating in the branchial cleft; (3) unusual tumors of thj^roid and parathyroid 
origin; and (4) tumors of miscellaneous origin. 

In their opinion nearly all such tumors originate from errors in development 
of the foregut. 


H. H. Searls, San Francisco, pointed out in discussion that the presence of 
thyroid tissue outside the thyroid gland proper carries the threat of malignancy. 
Brien King, Seattle, added several cases of his own in discussion of the paper. 


Team Work in the Care of the Surgical Patient, Irving Wills and Albert H. 
Elliott, Santa Barbara, Calif. — In presenting this paper. Wills made a strong 
p ea for cooperation between internist and surgeon in both the preoperative and 
1 10 postoperative care of the patient. He pointed out that the internist is of 
great value in directing the administration of vitamins, in the direction of the 
rea meiit of patients with damaged livers, in tlic correct maintenance of water 
balance, and m the estimate of cardiac efficiency. 



REPORT OR THE JfEBTlNG OF THE AiMERICAN ORTHOPAEDIC 
ASSOCIATION, KANSAS CITY, MO., MAY 6-9 , 1940 


Guy Caldwell, New Oklkaxs, La. 

' j 'HE clinieiil demonstrations, papers, and discus.sions at the recent meeting of 
the American Ortliopaedic Association covered many interesting subjects, 
varying from the feeding of oyster shells to hasten the healing of fractures to 
the effect of local implantation of sulfanilamide in joints and other tissues. 


0. B. Brancisco, Kansas City, administered 0.5 drachm of pulverized oyster 
shell (as prepared for chicken feed) three times daily to patients with recent and 
old fractures with delayed union and found that early and rapid callus forma- 
tion followed. 


frank E. Treachenor, Kansas City, reported an interesting case of extradural 
spinal cyst which occurred in a boy 14 years of age who had a curvature of the spine 
with widening of the spinal canal at the junction of the dorsal and lumbar spines and 
fatigue and weakness of his legs. A laminectomy was performed two months after 
the onset of symptoms of paraplegia. Upon removal of the laminae there ap- 
peared a cyst which ruptured with the escape of clear fluid. The sac was care- 
fully dissected awaj' from the spinal cord and found to have a pedicle opposite 
the eleventh dorsal nerve root which appeared to be a herniation of the arachnoid 
through the dura. Following removal of the cyst, recovery was uneventful and the 
patient regained good use of his legs. 

Ferdinand Helwig, Kansas City, discussed the relation of trauma to coronary 
artery disease and reported several cases of death from coronary disease which had 
occurred at short intervals following accidents. He had conducted an investiga- 
tion with e.xperimental work on rabbits by which it was shown that young rabbits 
withstood rather severe trauma in the region of the heart without dying or de- 
veloping evidence of coronary disease as revealed by electrocardiographic tracings. 
Similar experiments conducted on old rabbits whose arteries had been previously 
rendered atheromatous by administration of cholesterol resulted in their death 
within fifteen minutes with electrocardiographic tracings indicating coronary oc- 
clusion and the lesions being verified by autopsy. 


Bex Diveley, Kansas City, reported on complications encountered in the nail- 
ing of fresh fractures of the neck of the femur as shown in a survey of 100 cases 
two years after their operations. He was able to report the end results in 95 cases, 
56 of which were treated in the General Hospital and 39 in private practice. He 
found the results differed eotisiderably in the two groups. The mortality for the 
entire 95 cases was 11.5 per cent; it was only 2.5 per cent in the private cases as 
outrasted with 17.S per cent in those at the General Hospital. Union had oe- 
ed in only S7 per cent of the entire series; excellent functional results were 
obtained in 60.5 per cent, good results in 20.2 per cent, and poor results in i;i.3 

per cent. those who obtained union were attributed to arthritis, 


The poor results in 


of the head, and faulty relation of the head and neck. As a 


an aid to 


o- nrocedure, a portable developing bo.x was demonstrated. 

room and film.s developed in warm si 


This box could 
solution (72° !•’.), 


degeneration 

the nailing P 

he wheeled fg^^^the position and direction of the nail to be determined 

wUhin° two minutes. 

Kansas City, presented the 


ca.sc.s of a patient with infantile 


Frank Dickson, gpii,e treated by the insertion of fascial tran.splant.s 

paralysis and a second patient with spinal deformity ami weak- 


after the 


method of bowman 
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ness associated with paralysis of the quadratua luniborum which Tvas likewise en- 
tirely relieved by fascial transplant. 

The value of fasciotomy of the tensor fascia femororis for relief of the 
stooped posture associated with spondylitis was well illustrated by one patient 
who was presented. 

A motion picture was shown illustrating the correct technique for synovectomy 
of the knee and several patients upon ivhoni the operation had been performed tvith 
most satisfactory improvement, including one patient with multiple atrophic joints. 

S. Kleinherg, New York City, gave a paper on The Obstetric Experiences of 
Women Paralyzed by Acute Anterior Poliomyelitis. A large group of patients 
who had been paralyzed in childhood and had subsequently become pregnant were 
reviewed by x-ray studies of the pelvic inlet and passage. The films were taken with 
the patient in a semisitting position and the measurements determined by use of a 
calibrated grid. Of 101 patients so examined, asymmetrical pelves were found in 
80 per cent and normal pelves in only 40 per cent. While flattening and asymmetry 
of the pelvis were almost universal in the w'omen who had suffered from infantile 
paralysis previously, the deformities were not auffieient to interfere wdth normal 
delivery in the majority. 

A second group of 13 eases was reviewed in which pregnancy was complicated 
with acute anterior poliomyelitis. Of the 13, 12 proceeded to normal delivery with 
normal children and a miscarriage occurred in 1, The incidence of cesarean sec- 
tion in a whole group was unduly liigU, probably because obstetricians were unduly 
afraid of complications. Further analysis, with reference to the average number 
of hours in labor and abnormal presentations which necessitated the use of for- 
ceps, indicated no wide variations from the average in similar groups of in- 
dividuals not affected with infantile paralysis. In no case was a child infected 
with poliomyelitis even though born while the mother was acutely ill. Previous 
reconstructive operations for deformities following infantile paralysis did not inter- 
fere with delivery even when there had been such formidable operations as fusion 
of the hip or spine or such delicate procedures as fascial transplants to replace ab- 
dominal muscles. 


George "Wagoner, Philadelphia, presented a paper on Chemistry of Normal and 
Arthritic Cartilage. He had conducted a series of observations upon bovine 
articular cartilage with relation to age, sex, and breed of cattle, as a result of 
which he believes that the degenerative joint changes in cattle are largelj' the 
result of diminishing ability of the cell to consume oxygen as the animals grow older. 


The Sittgical Treatment of Degenerative Arthritis of the Knee Joint, G. E. 
Haggart, Boston. — The author summarized the results obtained in 20 selected 
patients whose ages averaged 56 years upon whom he had performed the operation 
of synovectomy five years to nineteen months prior to the review-. All of these 
had been improved with respect to range of motion, stability of the joint, absence 
of swelling, partial or complete absence of pain, and better contour and texture of 
the bones as revealed by subsequent x-ray studies. Since 1935 Haggart has 
routinely excised the patella when doing the operation of synovectomy and of 
late has employed the split patella incision. He is careful to remove all sj-novial 
tissue from the anterior compartment, both semilunar cartilages, all marginal 
outgrowths of cartilage and to smooth off the areas of central erosion. 


Arthur Steindler, Iowa City, presented a paper on Treatment of Scoliosis bv 
om ne et ods. He (li.scussed the groups of cases w-hieh may be expected to 
respond to corrective exercises and bracing and stated that most so called idiopathic 
cases ni.vj le luanapd in this way. The curvatures associated w-ith congenital 
aiioin.i le.s o t lo spine and those following infantile paralysis in most instances 
require eorreCiou in plaster followed by fusion in the corrLted posSn 
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ASSOCIATION, KANSAS CITY, JIO., JIAY 6-9, 1940 


Guy Caldwell, JLD., New Orleans, La. 

'"T^HE clinical doinoiistratioiis, papers, luul discussions at the recent meeting of 
the Aniericau Orthopaedic Association covered many interesting subjects, 
varying from the feeding of oyster shells to hasten the healing of fractures to 
the effect of local implantation of sulfanilamide in joints and other tissues. 

C. B. Brancisco, Kansas City, administered 0.5 drachm of pulverized oyster 
shell (as prepared for chicken feed) three times daily to patients with recent and 
old fractures with delayed union and found that early and rapid callus forma- 
tion followed. 


Frank R. Treachenor, Kansas City, reported an interesting case of e.vtradural 
spinal cyst which occurred in a boy 14 years of age who had a curvature of the spine 
with widening of the spinal canal at the junction of the dorsal and lumbar spines and 
fatigue and weakness of his legs. A laminectomy was performed two months .after 
the onset of symptoms of paraplegia. Upon removal of the laminae there ap- 
peared a cj'st which ruptured with the escape of clear fluid. The sac was care- 
fully dissected away from the spinal cord and found to have a pedicle opposite 
the eleventh dorsal nerve root which appeared to be a herniation of the arachnoid 
through the dura. Following removal of the cyst, recovery was uneventful and the 
patient regained good use of Iiis legs. 

Ferdinand Helwig, Kansas City, discussed the relation of trauma to coronarj" 
artery disease and reported several cases of death from coronary disease which had 
occurred at short intervals following accidents. He had conducted an investiga- 
tion with experimental work on rabbits by which it was shown that young rabbits 
withstood rather severe trauma in the region of the heart without dying or de- 
veloping evidence of coron.ary disease as revealed by electrocardiographic tracings. 
Similar experiments conducted on old rabbits whose arteries had been previously 
rendered atheromatous by administration of cholesterol resulted in their death 
within lifteen minutes with electrocardiographic tracings indicating coronary oc- 
clusion and the lesions being verified by autopsy. 


Rex Diveley, Kansas City, reported on complications encountered in the nail- 
ing of fresh fractures of the neck of the femur as shown in a survey of 100 eases 
two years after their operations. He was able to report the end results in 95 cases, 
56 of which were treated in the General Hospital and 39 in private practice. He 
found the results differed considerably in the two groups. Tlie mortality for the 
entire 95 cases was 11.5 per cent; it was only 2.5 per cent in the private cases as 
ontrasted with 17.S per cent in those at the General Hospital. Union had oc- 
d in only 87 per cent of the entire series; c.xcellent functional results were 
“^tlined in 60.5 per cent, good results in 20.2 per cent, and poor results in l.'5..'i 


per cen j.ggujts jn those who obtained union were attributed to arthritis. 

of the head, and faulty relation of the head and neck. As an aid to 
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was performed after the fracture had occurred, the better the result. In 25 cases 
there had beea 1 nonunion and 2 complaints of stiffness and pain; all had at least 
75° of flexion. 

Beveridge Moore of Chicago presented his thesis on the “Orthopedic Eela- 
tionships of Neurofibromatosis.’’ He stated that the skeletal changes associated 
with neurofibromatosis consist of scoliosis, growth changes, bone changes and the 
condition called congenital pseudarthrosis. He reviewed four cases of localized 
hypertrophy, e.g., enlargement of the second and third fingers, and o%'ergrowth of 
the foot and leg on one side, associated with the typical skin lesions, and familial 
history of neurofibromatosis. In all cases he found a neurofibroma in the nerve sup- 
plying the affected parts. 

He also reported three cases of congenital pseudarthrosis of the tibia associated 
with Von Eeeklinghausen’s disease, in all of wldch typical neurofibromata were found 
in the posterior tibial nerves._ Microscopic sections of the nerve tumors revealed 
endarteritis of the vessels. 


A symposium was then conducted on The Incidence, Significance, and Treat- 
ment of Sciatic Bain in Low Back Cases. Theodore A. Willis, Cleveland, dis- 
cussed the Anatomical Variations as Well as Koentgenological Appearance of 
Low Back Pain in Eelatioa to this Subject. He stated that bilateral enlargement 
of the transverse processes of the fifth lumbar vertebra probably is not a cause 
for low back pain and sciatica, but believes that asymmetrical fusion of a trans- 
verse process or variations in the position and angles of the lumbosacral facets 
and narrowing of the intervertebral disk, congenital or acquired, may produce 
pressure on the nerve roots and bring about pain. The soft part changes and 
poor anchorage for supporting ligaments associated with spina bifida he believes 
to be sufficient cause for low back pain and sciatic radiation. Lateral defects 
in the neural arches resulting in spondylolisthesis he considers the probable result 
of a fracture of the lamina in early infancy and constituting reason for low back 
pain. 


W. McK.. Craig, Kochester, Minn., discussed the Neuro- Anatomy and Physiology 
— Significance of Sciatica, reviewing the embryological development and distribu- 
tion of the lower spinal nerves. He then discussed many of the symptoms by 
which central cord tumors might be differentiated from those making pressure on 
the nerve roots or peripheral portions of the nerves. 


John G. Kuhns, Boston, reviewed Conservative Treatment, having review'ed 
1,000 cases of low back pain. Of these he considered 579 to have been of mus- 
cular origin and 325 associated with strain of the ligaments. The symptom of 
sciatic pain, although not constant, was present in 1-19 cases; pain was referred 
to the regions supplied by the common peroneal in 410 cases, and in SO per cent 
of all cases it appeared that the symptom of sciatic pain was of reflex origin and 
associated only with strains or tears of the supporting ligaments in the lumbo- 
sacral area. The diseases and anomalies found to be associated were as follows: 
hypertrophic arthritis, 96; atrophic arthritis, 70; transverse lumbosacral facets 
64; spina bifida, 50; and defective facets in a smaller number. 

The treatment of the great majority of cases, therefore, should be conservative. 

For the group of muscular and ligamentous strains and tears the early treat- 
ment should consist of rest with the injured parts in a relaxed position; patients 
with low back pain should be kept supine with the back flattened by flexino- the 
laps or on their faces with a pillow under the abdomen. Physiotherapeutic treat- 
ments can bo administered in the latter position. As soon as the severe spasm 
of the muscles relaxes, the patient can begin gradually to sit up with the aid of 
good spinal support. While the period of reeumbeney necessarily varies with the 
seventy of the injury, in Kuhns’ cases it averaged ten days. 
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. A Study of Over 100 Paralytic Scollotics was presented by Paul 0. Coloima 
and Frederick Von Saal, Oklahoma City. In a follow-up study of patients seen 
in their hospital over a period of twenty years, it was found that 30 per cent of 
500 cases of infantile paralysis had developed spinal curves and that 62 per cent 
of all the cases of scoliosis under treatment had resulted from infantile paratysis. 
The majority of cases of scoliosis developed in those whose trunk muscles had 
been affected by the paralysis and the records rev-ealed that very few of these had 
been "iven recumbent treatment in the early months of their illness and that back 
supports had not been employed in more than 20 per cent of the cases. They 
believe, therefore, that in every child who has indications of trunk involvement in 
the early stages of infantile paralysis the following measures should be used to 
prevent the development of scoliosis: (1) recumbency for six months and (3) 
early supervised muscle training. 

M. N, Smith-Petersen, Boston, discussed his operation of Acetabuloplasty; An 
Analysis of Eesults. It is his opinion that, since the development of the im- 
proved technique for arthroplasty of the hip, there is a very limited field for the 
operation of acetabuloplasty. Nevertheless, the approach to the hip joint which 
was developed and first described in connection with the operation of acetabulo- 
plasty has made it possible to do arthroplasties with greater ease and with better 
results. He reported that 53 patients on whom he had performed acetabulo- 
plasties were traced; the mortality was 4 per cent; the operation had been satis- 
factory to the surgeon and the patients in 50 per cent, satisfactory to the patient 
only in 19 per cent, and unsatisfactory to both in 31 per cent. It was found that 
50 to 75 per cent of the patients who had malum coxae senilis were relieved. 

Henry L. Jaffe, New York City, presented a paper on Osteoid Osteoma. Fur- 
ther Experience With This Peculiar Xiesion of the Bone. He described this as a 
benign tumor which begins in the spongiosa or cortex near the periosteum, a new 
growth of small size that occurs in adolescents and young adults between the 
ages of 16 and 24 years. Tlie symptoms consist of localized pain in the bone with 
none of the signs of inflammation and x-ray examination reveals an opaque nidus 
surrounded by a circular area of rarefaction and these in turn by pronounced osteo- 
sclerosis, The lesions have been thought to be of inflammatory origin and fre- 
quently have been called osteomyelitis. He reported 9 cases which had occurred in 
phalanges, neck of the astragalus, scaphoid, head of the fibula, os caleis, ulna, and 
the femur. 

Prederick 0. Kidner, Detroit, discussed Subtrochanteric Osteotomies, Indica- 
tions for Special Types. In his experience the intertrochanteric osteotomy described 
bv McMurray had not been uniformly successful for nonunion of the neck of the 
femur He had found the curved subtrochanteric osteotomy useful in cases of 
dTormity of the head of the femur occurring in young people. He then discussed 
® use of subtrochanteric osteotomy in a group of 5 cases of tuberculosis of the 
] 'p which had not progressed satisfactorily by the use of routine measures of 

fixation and plaster. 

, , K c Welch Cleveland, reported on the use of Bifurcation Osteotomy for 

Budolp • ununited Fractures of the Femoral Neck. Ho had performed 
the Treatmen ^ patients with nonunion following fractures of the hip and 
this operation on - p ^ In all cases the operation was done after si.x weeks 
failed to get union ^ heads wore viable. He believes the operation is Con- 

or longer and the em ra ^gt^oarthritis or on those who are poor surgical risks, 
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With reference to the residual low back symptoms, 60 per cent had normal 
backs; 32 per cent had slight back pain; and 8 per cent had severe disabling pain. 
It was Barr’s opinion that, when instability of the spine is suspected or demon- 
strated, fusion should be done at the time of the laminectomy. 

W. B. MacCracken, New York City, presented a paper in conjunction with 
Benjamin P. Farrell, New York City, on Lumbosacral Lesions With the Exception 
of Spondylolisthesis. In answer to the question, "Is laminectomy' and removal 
of a ruptured disk the only' treatment?’’ the records of the New York Orthopedic 
Hospital had been reviewed from 1911 up to the present time. Thirty-three pa- 
tients have been operated upon since 1937 in that institution by' performance of 
laminectomy follow'ed by fusion of the spine. The most common findings in these 
cases were arachnoid adhesions associated with a small disk protrusion. 

The records of 175 patients w'ho had fusion operations for sciatic pain were 
reviewed and 46 of these W'ere found to have recorded some or all of the signs 
suggesting a ruptured intervertebral disk. Of these 46 patients, 27 were recalled 
and their results reviewed. The percentage of good results in this group was 
practically the same as in the group which had been operated upon since 1937 
by performance of laminectomy' and fusion; namely', about 83 per cent had good 
or perfect results. Five cases were found upon whom laminectomy had been 
performed following old fusion operations. Only 1 of these w'as found to have 
ruptured disk and the other 4 were not relieved. Their conclusions w'ere that an 
absolute diagnosis of rupture of the intervertebral disk is difiicult at best and 
that the operation of spinal fusion in most cases of low back pain with sciatica 
offers as good a chance of success as laminectomy. 


M. N. Smith-Petersen, Boston, discussed Sacroiliac Conditions and explained 
that sciatic pain may accompany disease and trauma of the sacroiliac joint and 
when it does so the clinical picture may be quite similar to that produced by 
rupture of the intervertebral disk. He made a plea for more accurate interpreta- 
tion of symptoms of sciatic pain and emphasized the importance of recording 
accurately the angles at which straight leg raising aggravates sciatic pain. He 
also stressed the importance of differentiating hy'peresthesia from actual tender- 
ness. If sciatic pain is present before the leg is raised to an angle of 30°, no part 
of the spine having been moved, the pain must result from hy'peresthesia alone 
and suggests the presence of an intraspinal lesion. When sciatic pain occurs as 
the leg passes between the angles 30 and 60°, the sacroiliac ligaments are then 
under tension, and the lesion is probably in or about the sacroiliac joint. When 
the leg has been raised to 70°, or higher, motion takes place in the lumbar spine 
.and the lesion should be located in those joints. 

The results obtained by sacroiliac fusion in 100 cases were complete relief in 
88, partial relief in 8, and unsuccessful results in 4. 

Henry W. Meyerding, Rochester, Minn., discussed Incidence Significance and 
Treatment of Low Backache and Sciatic Pain Associated With Spondylolisthesis. 
He explained that the outstanding symptom of spondy'lolisthesis is low back pain, 
not sciatica. He had found, however, that protrusion of a ruptured disk may 
coexist. Among 745 cases of spondylolisthesis there were 80 patients who com- 
plained of sciatica. These sy-mptoms occurred more frequently in Grades 1 and 2 
of spondylolisthesis than in Grade 3. It is evident that forward slipping of the 
body of one vertebra upon .another enlarges the intervertebral foramen and there- 
fore gives little cause for sciatic pain. In the few- patients who were found to 
have a coexisting protrusion of the intervertebral disk, Inminectomv with removil 

of the protruding mass preceded the spinal fusion which should alwavs be done 
for SDOiulvloliHtho.sis. uuue 


Frank Ober, Boston, advocated the performance of fasciotomv of the tensor 
fascia temons when there was demonstrable contracture of this fmscilv 
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changes are well under way. The earliest signs consist of limited movements of 
the hip and thickening of the capsule. Pathologically the process is one of 
aseptic necrosis of the neck and head of the femur beginning primarily in the 
metaphysis and progressing to the head. Healing likewise appears first in the 
metaphysis and subsequently in the head. Deformities of the head and neck of 
the femur are the direct result of weight-bearing and muscular pulls and such 
deformity as occurs in the acetabulum is secondary to that of the head of the 
femur. Prolonged rest in bed with extension attached to the leg will prevent 
malformation of the head. Complete relief from weight-bearing is essential until 
the regenerative phase is almost complete. Partial or intermittent weight-bearing 
and various medical and operative treatments that have been advocated from 
time to time were not successful. 

Wallace H. Cole, St. Paul, Minn., discussed the treatment of Clawfoot. This 
deformity may result from several different causes, all of which bring about 
weakness of certain gronps of muscles in the foot and leg. The milder earlier 
cases have responded to manipulation for sti'etehing the plantar structures, the 
use of metatarsal supports and night splints. Other cases require, in addition, 
plantar fasciotomy and wrenching of the foot or a stripping of the os calcis 
followed by the application of plaster for three weeks and physiotherapy there- 
after. When there is some varus deformity, he has found it wise to transplant 
the toe extensors into the cuneiform bone and at the same time perform a fusion 
of the interphalangeal joint of the great toe. The aftertreatment consists of 
immobilization in plaster for six rveeks followed by weight-bearing in a shoe 
with an anterior heel. 

Cases with marked bony deformity cannot be corrected by the foregoing pro- 
cedures but require removal of an anterior tarsal wedge of bone, distal to the 
scaphoid. He does not at the same time perform a subastragalar arthrodesis. 

Albert Key, St. Louis, discussed The Effect of Local Implantation of Sulfanil- 
amide in Joints and Other Tissues. By animal experimentation, the local im- 
plantation of sulfanilamide crystals which have been sterilized in the autoclave 
produces no unfavorable tissue reaction, does not retard healing. He prefers to 
use a eitrated solution of sulfanilamide in the joints themselves or to inject the 
solution neoprontosil. His experiments did not include the introduction of infec- 
tious material into the tissues and joints followed by implantation of sulfanil- 
amide. The effect of the chemical in concentrated solution on cultures of B. 
welcliii, streptococci and staphylococci in vitro demonstrated it to be effective in 
varying degrees, even when acting in a medium favorable to the propagation of 
the organisms; that is, a medium which included peptones. 


THE FIFTY-SECOND ANNUAL MEETING OP THE AMERICAN 
ASSOCIATION OP GENITOURINARY SURGEONS, 
SKYTOP, PA., JUNE 20-22, 1940 


C. D. Creevy, M.D., ll'IiNNEAPOLis, Minn. 

(Irom the Department of Surgery, University of Ulmnesota Medical School) 

JUNE 20, the following papers were given: 

A. L. Dean and W. L. McCarthy, New York City, described a case of ner- 
sis cn , pro use left renal hematuria in a child who had hemangiomas of the left 
eg, nose, am ip, and an area of calcification in the brain. On removal the 
1 henign, centrally located hemangioma. 

Received tor publication. July 18 . ISIO. 
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^iith sciatica. Ho luis perfonnod this operation oa 86 patients who liad sciatic 
pain, in many of whom the pain, was bilateral and relieved only by operation on 
both sides. I'lie results obtained were excellent in 118 cases, marked improvement 
in 30, slight improvement in 5, no improvement in 5. 

Clarence H. Heyman, Cleveland, reported that the operation of stripping the 
ninscnlar and fascial attachments from the posterior aspect of the sacroiliac joint 
and ilium is indicated for superlieial lesions of a chronie type as indicated by 
localized toiidorness over the posterior-superior spine of the ilium near the peri- 
osteal attachments of the muscles, in which injections of novocain give temporary 
relief. The operation of subperiosteal stripping serves to relieve the tension and 
has been performed by him in 29 cases, of rvhich 26 obtained relief. 

Carl E. Badgley, Ann Arbor Mich., reviewed The Belation of Pacets and liga- 
ments to low Back Pain and Sciatica and stated that asymmetrical facets appear 
to be a factor in 52 per cent of the cases. 

Conservative Treatment of low Back Pain and Sciatica was discussed by George 
E. Bennett, Baltimore. He emphasized conservative treatment for the great ma- 
jority of these cases because they are the result of strains and falls, poor posture, 
and arthritis. Those resulting from strains and sprains respond well to rest in 
bed, physiotherapy, the use of spinal support, and graduated e.xercises. Those 
secondary to falls he believes to be associated with slight displacements and finds 
that most of them respond to manipulation of the spine by hyperfiexion of the 
legs with or without anesthesia. Postural backaches respond to rest and correc- 
tive exercises. Many of the chronic backaches reveal deviations of the spine 
which follow an old injury and are probably a result of the formation of adhe- 
sions, He finds that many of these respond to manipulation followed by suitable 
measures of physiotherapy. 

Rex Diveley, Kansas City, reported that be had reviewed the fusion operations 
done in their clinic in 70 eases with the following findings: fusion of the sacro- 
iliac joint, 3 eases; fusion of the sacroiliac and lumbosacral joints, 4 oases; 
and lumbosacral fusion, 63. Ninety per cent were relieved entirely; 2.8 per cent 
had only partial relief; 7.2 per cent obtained no relief and further investigation 
of the later group revealed the presence of a ruptured disk iu all of them. 

Philip D. Wilson, New York City, presented a report on the Two-Stage Side 
Transplantation of the Fibula for Complicated Pseudarthrosis of the Tibia. The 
operation is done in two stages at intervals of four to si.v weeks, the fibula being 
divided at the upper and lower extremities and inserted into a prepared bed iu 
the lateral aspect of the unuuited tibia. The operation has been successful iu 
of nonunion following old compound fractures with loss of substance even 
rt^mh iweated massive grafts had previously been tried and failed. It was 
^ ^ tlv that following union of the fibula to the shaft of the tibia above and 

Hl^w The site of fracture, the fracture itself sub-sequently united. 

r series of oases consisted of congenita! pscudarthroscs in which 

occurred previously with variou.s types of bone grafts. In this group 
failures na occurred following fu.sion of botli ends of the fibula witli 

union of the troi 

the tibia. 

r-ii Philadelphia, discussed Legg-Perthes’ Disease With Particular 
A. Bruce Gi , X-Ray Manifestations and Its Cyclical Course. He 

Reference to its of degeneration la.sting about one to one and one-half 

stated that there ^ phases for two to three years. It has lieen deli- 

years followed by weight-bearing shortens the iluratiou of both phase.s. 

nitely shown that jn“g5 per cent of ca.ses and only between the agc.s 

This trouble oeou’"® ' - svmptoms are first manifested the pathologic 

of 3 and 11 
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2 still had pyuria for from three to six years after operatioiij thus reinforcing 
the growing belief that plastic procedures should be more widely emploj'ed in 
this condition. 

The following papers were read on June 21: 

H. G. Hamer and H. O. Mertz, Indianapolis, reported the findings at autopsy 
in a case of nonparasitic chyluria of long standing. It proved to be due to 
obliteration of the thoracic duct by a surrounding tumor, apparently inflamma- 
tory, with stricture of the duct and occlusion of the subclavian vein by an old 
thrombophlebitis. Chyle reached the urine from ruptured, dilated lymphatics in 
the wall of the bladder. 

C. Ii. Heming and J. r. Sadusk, New Haven, Conn., discussed three cases of 
anuria due to sulfapj’ridine crystals in the renal pelves and ureters. Two re- 
covered after lavage of the pelves through inlying ureteral catheters with warm 
(106° P.) sterile water. One died of cerebral edema. 

G. G. Smith, and W. P. Leadbetter, Boston, found that, since neoiopax and 
diodrast are eliminated through the renal tubules, the excretion of phthalein is 
a better indication of the probability of success or failure of an excretory uro- 
gram than is the level of nitrogen in the blood. Occasionally one may get read- 
able urograms with a nonprotein-nitrogen as high as 50, and -with inability to 
concentrate the urine to a level above 1.003 to 1.006. 


A. H. Paine, Rochester, N. Y., reviewed the diagnostic criteria of tumors of 
the ureter; chief among these are bloody spurts from the ureteral orifice while 
clear urine is obtainable from the renal pelvis and a filling defect in the ureter- 
ogram. He reported a papillary carcinoma of the ureter in a man 60 years of age. 

A. E. Stevens, New York City, has found in the literature that at least 40 
patients have lived 10 to 30 years after ureteroenterostomy, 11 of them for more 
than 20 years. Two of his personal cases are living 11 and 29 years; he has seen 
one alive 431^ years after operation by Fowler. This is heartening information. 


E. L. Keyes, New York City, advocates cutaneous ureterostomy in certain 
cases of intractable vesical tuberculosis. In those whose only kidney is not 
tuberculous, inlying catheters may be discarded after the skin and ureter have 
united, and a colostomy cup employed. If the kidney is tuberculous, an inlying 
catheter is required. Three patients have done well without catheters for from 
three to nineteen years. 

P. G. Smith, Cincinnati, prefers temporary ureterostomy or nephrostomy as an 
emergency measure when ureteral injury is not discovered until after operation. 
He reported two cases in which the terminal ureter had been irreparably damaged 
on one side and was too short for reimplantation into the bladder, and in which 
anastomosis was not feasible. He cut off the ureter above the site of injury and 
anastomosed it to the sound ureter retroperitoneally with good results. 


H. O. Mertz, Indianapolis, described a case in which hematuria was due to 
chloroma of the bladder and kidneys in a 12-year-old child. The blood picture was 
that of myeloid leucemia; at necropsy there were greenish tumors of the kidneys 
bladder, spinal cord, and lymph nodes. 


W. E. Lower, Cleveland, described a method of biologic assay of the hitherto 
elusive hormone, inhibin, said to be formed by the germinal epithelium of the 
testes, and to prevent that overactivity of the hypophysis which is thought bv 
some to cause hypertrophy of the prostate. The daily injection of potent extracts 

wi suppress estrus in the rat; injection of extracts of liver prepared in the 
same way fails to do so. i p u in me 
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lieon Herman juid Max Strunua, Philadelpliia, discussed Iiemorrliagic cysts of 
the kidney and distinguished them from serous cysts with secondary hemorrhage. 

H. G. Bughee, Now York City', advocated operation in those cases in which the 
history,, pliy'sicai examination, and pyelogram, repeated at intervals, are sugges- 
tive but not ciiaracteristic of renal tunmr. 

W. N. Wishard, Jr,, Indianapolis, reported an e.vanipie of inoperable chorio- 
epithelionia which apparently originated in the retroperitoneal tissues and simu- 
lated a renal neoplasm. The testes were normal. 


Leon Howard, Denver, showed a moving picture of a malignant neoplasm of 
the adrenal cortex in a 26-year-old female with hirsuties, a masculine voice, 
hypertrophy of the clitoris, and amenorrhea. It was demonstrated bj' radiography 
after the perirenal insufflation of air, removed surgically, and irradiated. The 
patient has been well for some time and has lost her masculine characteristics. 
The ultimate prognosis, however, is poor because of the nature of the tumor. 


In the discussion G. F. Cahill, New York City-, stated that production of cortical 
hormone by a tumor may lead to atrophy- of the opposite adrenal, so that the 
postoperative reaction is likely- to be severe oven though a proper pre- and post- 
operative regime is employed. If no reaction occurs, it suggests the possibility- 
of metastases which supply hormone. 

G. C. Prather and Weston Sewall, Boston, investigated pyelonephritis as a pos- 
sible etiologic factor in toxemia. Tea per cent of pregnant women exhibit evi- 
dences of toxemia; 1 to 2 per cent of pregnant women develop pyelonephritis of 
some degree; 12.5 per cent of the patients wlio have had pyelonephritis in a 
previous pregnancy develop toxemia in a subsequent one. The authors conclude 
that pyelonephritis probably has no causal relation to toxemia. 


J. B. Wear, Madison, Wis., in a study of 109 cases did not feel that he could 
demonstrate that the retention of urine in prostatism caused elevation of the 
blood pressure; urograms failed to demonstrate a higher incidence of hydro- 
nephrosis in patients with hypertension than in those with normal blood pressure. 


Braasch, Rochester, Miun., found 17 instances of hy-pertension in 180 
cases of chronic pyelonephritis. It was commoner in those with marked pye- 
lographic changes and in those with impaired renal function. Twenty-six per 
cent of patients with pyelonephritis had hypertension as compared to 20 per cent 
of controls in the same age group. Braasch feels that pyelonephritis may serve 
•in irritant and bring out a latent hypertension; he does not believe that it 
can produce hypertension in the otherwise normal person. 


In the discussion Alexander Randall, Philadelphia, suggested that hypertension 
may occur in prostatics with intrarenal pelves. 

n W’ Ksb, New York City-, discussed a patient who was known to have a 
■ , pressure after carrying 1,000 c.c. of residual urine for two years. 

ffisTelves were intrarenal and undilatcd. 

TT r Ihv Boston, advocated sanitorium care in renal tuberciilosi.s; ho i.s 
■fV.'its value both before and after operation, although it will not 
impressed wi j,a,j found guinea pig inoculation more accurate than 

produce cures u . me.asure- albuniinurui in a tuberculous patient strongly 

of >“<'«• 

sugges .gland treat.s noncalculous ob.struction at the iireteropelvic 

T. P. Shupe, j|.g’,ger plastic (longitudinal inci.sion, transverse closure) 

, iunctore by a modi ic ^ of 9 patients $ wore .symptom free, although 

performed from within P 
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of Chevassu and Hinman). At present about 30 per cent of the cases are being 
controlled for five years or more by intensive irradiation (including the abdomen 
and chest) followed by orchidectomy and later by more irradiation. 

Alexander Bandall and G. "W. Chamberlin, Philadelphia, treat testicular tumors 
by irradiation, in sequence, of the supraclavicular area, the chest, the abdomen, 
and last, the testis. Orchidectomy is done four weeks later. Eleven of 13 pa- 
tients so treated are living two or more years. The method was evolved after a 
patient with a palpable abdominal metastasis was found to be well some years 
later; 3 of S such patients are. well for three years or more. 

G. F. Cahill, New York City, reported that he had done the radical operation 
in 18 of 55 testicular tumors between 1929 and 1939. Fourteen are well for one to 
eleven years, 4 of these for more than nine years. 


THE THIRTY-SEVENTH ANNUAL MEETING OP THE 
AMERICAN UROLOGICAL ASSOCIATION, 

BUFFALO, N. Y., JUNE 24-27, 1940 

C. D. Creevy, M.D., Minneapolis, Minn. 

(Prom the Department of Snrgery, University of Minnesota Medical School) 

“^HE meeting was opened on June 24 with the following papers: 

* C. A. W. Uhle, Philadelphia, has seen four cases of aneurysm of the abdominal 
aorta mimicking renal disease. In one the findings suggested perinephritic ab- 
scess; in the others pain simulating renal colic was produced. The dangers of 
operating under an incorrect diagnosis were emphasized. 

H. H. Howard, H. I. Suhy, and James Harberson, Boston, reported a successful 
nephrectomy for aneurysm of the renal artery. The condition is found once in 
7,500 necropsies and may result from trauma, severe infection, arteriosclerosis, 
and syphilis. Preoperative diagnosis usually depends upon demonstration of a 
ringlike density medial to the renal hilus in the x-ray. 

C. M. McKenna and J. H. Kiefer, Chicago, advocated preservation of useful 
renal tissue by the employment of conservative operations, such as plastics upon 
the ureteropelvie junction. Tlie importance of nephrostomy was emphasized. 

G. C. Prather, Boston, operated successfully upon three cases of diverticulum 
of tlie calyx renalis, also called pyelogenic or urinary cyst, or hydrocalicosis. 
One, being peripheral, was excised and two, being central, were evacuated and 
drained by nephrostomy. 

O. S. Lowsley and J. H. Menning, New York City, ruptured the kidney experi- 
mentally and found that more useful tissue survived if the clots were evacuated, 
hopelessly damaged tissue removed, and the bleeding controlled by ribbon catgut, 
than if nonsurgical treatment was employed. They advocate operation for rup- 
ture of the kidney if hematuria persists after twenty-four hours. 

In discussion W. J. Engel, Cleveland, believes so-called calyceal diverticulum 
to bo a calyx dilated as the result of stricture of its neck. He objects to 
Lowsley ’s indications for operation upon ruptured kidney and has operated in 
but 2 of 17 cases. 

E. M. Watson and 0. C. Herger, Buffalo, N. Y., described the tre.atment of 512 
carcinoma of the bladder at the New York State Institute for tiie.Studv 


Itoceiveil for publication, July 24, 1940. 
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0:i the final day of the meeting, June 22, the following papers were preseuted: 

of destruction of a 

dL id portion of the bulbous urethra, to repair the defect by excising the 
damaged tissues, bridging the roof of the defect with a mucosal flap from the 
adaoining intact urethra and covering the defect with a fascial flap from the 

r urn. n le seconc case a large defect in the perineal skin was replaced by 
a flap of scrotal slciu. ^ ^ 


D. M. DhyIs, Philadelphia, has been dissatisfied with Thiersch’s urethroplasty 
for hypospadias because the new external meatus is behind the glans. He has, 
leiefore, after a preliminary Duplay plastic to straighten the penis, fashioned 
a tubular flap with skin inside from the skin of the dorsum of the penis. Its 
pedicle IS attached to the base of the penis, its distal end cut free. The penis is 
bent dorsaliy and the glans and ventral skin behind it are perforated by a trocar. 
The tube is drawn through the perforation and its end sutured to the edges of 
the perforation in the ventral skin. After healing, it is cut off at its entrance 
into the glans. The defect between the posterior end of the new segment and 
the anterior end of the old urethra is closed at a third session by the method of 
Thiersch. 


E. M. Nesbit, Ann Arbor, Mich., described a new method of straightening the 
hypospadiac penis. The foreskin is completely circumscribed behind the corona^ 
dissected free back to the external meatus, and pulled up like a sleeve. Tlie 
fibrous rudiment of the corpus spongiosum is completely excised so that the penis 
is straight. A transverse buttonhole is then made in tlie dorsum of the foreskin, 
and the glans brought through it and sutured. Thus redundant skin from the 
dorsum is transferred to the ventral surface of the penis. The defect left on the 
ventrum is sutured transversely. After healing there is a transverse soar on the 
ventral surface and an excess of redundant, mobile skin which enormously facil- 
itates later uretliroplasty without tension. 

G. E. Livermore, !ilemphis, Tenn., has found that persisteat symiptoms after 
transurethral lescctioii are due in the main to incomplete operation leaving tags 
and nodules which may cause straining, persistent infection, and bleeding. Re- 
section of the abnormal tissue is required. 

E. ]M. Nesbit aud Edwin Davis, Omaha, Neb., each sent identical questionnaires 
to 100 consecutive patients operated upon for benign hypertrophy of the prostate 
at least one year before. Although all of Nesbit ’s patients were treated by 
transurethral resection and all of Davis’ by perineal prostatectomy, results were 
almost identical except that there were two cases of partial and one of complete 
incontinence after perineal prostatectomy, while all those resected reported normal 
control. Postoperative hospitalization was nine days shorter after resection. 

M. L. Boyd, Atlanta, Ga., discussed the formation of renal calculi in bed- 
ridden patients. The stones are usually composed of phosphates. Factors in their 
formation are: stagnation in dependent calices, concentration of the urine duo 
to low intake of fluids, dietary deficiencies leading to alkaline urine, infection 

•th urea splitters, and increased excretion of calcium due to disease of bone. 

Tr ures to prevent their formation include: mobilization of the patient, forced 
fiulTs adequate acid ash diet, aud vigorous treatment of infection. 

_ Barringer, New York City, reviewed the autopsy findings in 37 cases of 
stis and concluded that: the Aschhoira-Zondek test, properly done, is 
teratoma te tumors are radiosensitive; aortic nodes are often iu- 

of prognostic v supraclavicular nodes are often involved; and 

voVved before i „nmmon (which has led him to discard the radical operation 
crossed metastasis is comm 
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r. N Y reported a bizarre example of the insertion of 

A. M. Crance, Geneva, N. A., reporteu aberration, 

many needles into each testis by a patient with a n 

w r H, Marquardt, and J. C. Sargent, Milwaukee, 

G. H. Ewell, Madison, Wis., C. B. Marq 

have treated 79 hydroceles in 71 patients y g^rg 95.3 per 

tion of quinine and urea hydrochloride. After one month to sei e j 

cent were cured, a record not exceeded by open operation. 

H. H. Young exhibited " 

“U scroti by the 

The penis was freed, straightened, and covered with skin, and a d p 
was brought into the scrotum. 

s* N., ou,., ... wo,i 

is based upon the experimental observa i chann-e alfects the 

...tabiy iu.t b.,„. d...h from j. 

heart adversely. He described rapid me i selection of proper 

Bium ratio and protein content of the plasma and discussed the selection p 

treatment based upon the results of these measuremen 
On June 26 the following papers were presented: 

G, ■C^om.on. Eooh..»r, Min.., ...cM.d, <»» ^ 

cases of leucoplakia of the bladder, that it is not a precancerous lesion. 

A. I. Folsom, H. A. O’Brien, and G. T. Caldwell, 
interstitial cystitis (Hunner ulcer) by excising a around them. This 

trigone and internal meatus, and a very sma nhilitv of the dog’s 

method is based upon old experimental observations 
bladder to regenerate after subtotal resection. Apparently 
occurs in the human being with interstitial cystitis if severe infection is absent. 

J. C. Kimbrough, Washington, D. C., found vesical diverticula 
obstructive lesions at the outlet of the bladder. He prefers extravesical 
lectomy in those requiring surgical treatment. 

B. E. Van Duzen, I. C. Winter, and Donald Slaughter, Dallas Tex., observed 
the effect of trasentin upon tlie bladder of the unanesthetized dog. J«rtyYi 
minutes after administration the capacity of the bladder ° f 

normal. Morphine ordinarily increases irritability and imin 
Trasentin counteracts the effect of morphine. 

Erwin Neter, Buffalo, N. Y., described a series of experiments with bacterio- 
stasis in vitro by sulfanilamide and related compounds upon various strains 
enterococci. All were susceptible, and the effects of sulfanilamide, sulfapyridine, 
and sulfathiazol were increased by heat and by increasing the concentration of 
sodium chloride in the medium. 

Grayson Carroll, Louis Kappel, and Bransford Lewis, St. Louis, discussed the 
effects of sulfathiazol and sulfamethyltliiazol upon staphylococcic infections, in 
which sulfanilamide and sulfapyridine have been disappointing. Results have 
been encouraging in staphylococcic infectious of the genitals, perinephrium, 
wounds, and in septicemia. 

R. L. McKieman, Brunswick, N. J., summarized five months’ clinical experience 
with sulfntliiazol. lie found it especially effective in infections with the staphylo- 
coccus and gonococcus. 
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of Malignant Disease. M-ray alone is not satisfactory because, to deliver an ade- 
quate dose to the bladder, surrounding structures must be injured. Implantation 
of radon and electrocoagulation are most useful, being applied cystoscopically in 
•small tumors and through a suprapubic incision in large ones. 

F. H. Colby, Boston, described experiences with a million volt x-ray apparatus. 
It was possible to secure a gre-ater depth dose with less injury to surrounding 
structures and less systemic reaction than with machines of lower potential. 
Anaplastic epithelial tumors were most and papillomas least sensitive. No Grade 
1 tumors disappeared with irradiation, but 30, 50, and 66 per cent of tumors of 
Grades 2, 3, and -1 disappeared. Recurrences were common; it is too early to 
speak of end results. 

W. 0. Stirling and J. E. Asb, Washington, D. C., described and differentiated 
the common but rather obscure lesions of the mucosa of the renal pelvis, ureter, 
and bladder known as pyelitis, ureteritis, and cystitis cystica, follicularis, gland- 
ularis, and granulosa. They are thought to arise from extension of nests of 
mucosal cells into the submucosa in response to chronic irritation, usually infec- 
tion. These nests, while appearing to become pinched off, are actually continuous 
with the lining epithelium. The center of the nest may break down and fil with 
fluid; cells may take on a glandular appearance and occasionally eventuate in 
adenocarcinoma. 


The program on June 25 included; 


R. A. Burbans, Detroit, described his experiences with perirenal insufflation of 
air in the demonstration of lesions of the kidney and suprarenal. 


S. IiUbasb, New York City, called attention to the frequency with which renal 
neoplasms simulate disease of the gastrointestinal tract. Urological investigation 
and especially pyelography are required in all obscure gastrointestinal complaints. 


In discussion Howard Jeck, New York City, warned of severe reactions from 
perirenal insufflation, and G. W. Fish, New York City, said that he had had two 
fatalities after using the method safely for eleven years. 


F. P. Twinem, New York City, advocates resection of the stone-containing 
lower calyx of the kidney when the neck of the former is angulatod or constricted, 
and when the calj'X is dilated, since .such a calyx Is likely to serve as a sump in 
which re-formation of the stone is very probable. Recurrence developed once in 
ten eases so treated. 


E Chute and H. I. Suby, Boston, stated that infection is a factor in the for- 
nffr cent of renal stones and disemssed 66 such canes. In 50 of these 

miitioii or ou 

urea-splitting organism was cultured from the urine. Amon^ the urea sphtters 
”"^1’ vroteus, E. coU, B. pyocyaneus, B. influenzae, and certain strains of staphylo- 
■ nji streptococci. Surgical removal was folloucd by recurrence of the stone 
^er cent of those infected witli organisms capable of splitting urea, and in 23 
p'lrcout of those infected with other organisms. 

Eandall, Philadelphia, recapitulated his work upon the etiology of 
Alexan e demonstrated quite conclusively that, in many instance.s at 

nephrolitluasis. consists of the impregnation, with salts of calcium, of a 

least, the im n gtivo tissue beneath the epitlielium of a renal papilla without 
small area of eonne Differential staining shows these to consist of carbo- 

infiammatory phenom^ possibly nucleinates. If the mucosa overlying tlie plaque 
nates, ° are deposited upon the original nucleus, which may become 

peels is presumably deposited only in dam.-igcd ti.s.siic, the source 
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J. F. McCarthy, New York City, discussed the technique of suprapubic and peri- 
neal prostatectomy. He recommended the use in certain poor risks of local anes 
thesia for transurethral resection. Paraldehyde is given by rectum beforehand; tie 
urethra is cocainized and 1 per cent procaine is injected directly into the prostate. 

The following papers were not heard by the reviewer and are not reported: 
Presidential Address, J. B. Cross, Buffalo, N. Y.; The Male CUmacteric, Its Diag- 
nosis and Treatment, R. J. Douglas, Muskegon, Mich.; The Acute Nonfunctioning 
Kidney, Stanley B. Woodruff and Wilbert F. Lewis, Jersey City, N. J.; Postopera- 
tive Adrenal Insufficiency, F. G. Harrison and H. H. Pote, Philadelphia, Pa.; 
Hypertension and Hypotension, Their Etiology and Treatment, O. S. Fowler, 
Denver, Colo.; Periostitis Pubis Following Suprapubic Cystostomy, W. K. Wheeler, 
Newark, N. J.; Color Photography of the Prostatic Urethra and Bladder, Edgar 
G. Ballenger, Harold P. McDonald, and Reese C. Coleman, Jr., Atlanta, 6a.; 
Female Urethral Dilators, the Utilization of an Old Principle, J. Harolde Turner, 
Houston, Tex.; Diverticulum of the Female Urethra, Its Recognition and Treat- 
ment, Frederick J. Parmenter, Buffalo, N. Y. 


TESTIMONIAL DINNER TO RUDOLPH MATAS 
MAY 1, 1940, ST. LOUIS, MO. 

A t the testimonial dinner given for Dr. Rudolph Matas in St. Louis, May^ 1, 

• 1940, during the meeting of the American Surgical Association, the following 
speeches were presented: 

Irvin Abell, Louisville, Ky., spoke as follows: 

“Surgery has a noble heritage. Its disciples are the intellectual descendants 
of all the great minds who have heretofore charted its course. This assemblage, 
representative of the ideals and the leadership in American Surgery, comes to- 
gether tonight to express a tribute of loyalty and friendship, of esteem and 
regard, of admiration and deference to our honored guest. Dr. Rudolph Matas. In 
the words of Shakespeare, ‘I am no orator as Brutus is,’ yet if my hesitating 
tongue can convey to our guest an appreciation of but a small part of the place 
he holds in our affection, estimation and confidence, I shall deem it a happy 
privilege to have participated in this testimonial. To Dr. Matas has been ac- 
corded a great favor, that of living through, and taking an active part in, a 
remarkable transition period in the fruition and development of the art and 
science to which we bear allegiance. Medical science has made greater progress 
during his lifetime than in any previous period. IMuch of the newer work has 
been created and practically all has been evolved since his student days. Begin- 
ning his career in the waning shadow of one school of thought, that founded on 
clinical observation alone, he has developed it contemporaneousl 3 ’^ with the growth 
of modern medicine and surgery, seeing in this golden age the beautifullj- integrated 
structure built on scientific, accurate knowledge, to which he has been a constant 
contributor. Working in his earlj- j-ears without laboratories as we know them 
and their accompan>-iug refinements in making diagnoses, he acquired what might 
be termed a compensatorj- acumen in correctlj' assessing the value of sj-mptoms, 
an accomplishment, which, with the advent of the laboratorj’, aided him in cor- 
rectlj' evaluating the clinical and technical aspects of surgical problems, separating 
the true from the false, the real from the hj-pothetical, contributing materiallv 
to their advancement. The greatest asset possessed bj- the medical profession is 
the constantlj' accumulating fund of knowledge in the minds, the literature and 
the ideals of its members. The responsibilitj- for its acquisition rests solely 
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R. C. Yeaw, New York City, studied the effect of pH upon the groiv'th of organ- 
isms isolated from the urinary tract and inoculated into media containing urine. 
Most strains died at a pH of i.5 without the use of antiseptics. The dangers of 
acidosis in attempting to attain this level in patients with impaired renal func- 
tion were emphasized. 

Baldulu XiUCke, Philadelphia, gave the annual Guiteras Lecture. He related his 
experiences with a renal adenocarcinoma occurring in frogs. He has studied this 
tumor sufiiciently to establish its “normal" behavior under ordinary circum- 
stances, so that the effect of variations in environment can be evaluated pretty ac- 
curately. Tlie tumor can be transplanted to the anterior chamber of the eye or 
grown in tissue cultures. He found the rate of growth of the tumor roughly pro- 
portional to the environmental temperature; i.e., at low temperatures growth was 
slow. The tumor is due to a liltrable virus. 


The following papers were presented on the last day of the meeting, June 27: 


E. W. Campbell, Philadelphia, raised again the specter of “sudden emptjdng 
of the bladder.” He presented the hypothesis that prostatics with chronic re- 
tention and intrarenal pelves develop hypertension, and that in these cases sudden 
emptying of the bladder is dangerous. Convincing proof of the hypothesis was not 
presented. 

E. Ii. Pierson and S. A. Wilson, Salem, Mass., presented an interesting method 
of measuring the prostate with the x-ray. A Foley bag is inserted into the blad- 
der, lilled with contrast medium, and pulled down onto the upper surface of the 
prostate. The bladder is tlieii fUled with a more dilute medium, and a balloon is 
inserted into tlie rectum and also filled with contrast medium. The elevation of 
the base of the bladder above the pubes, the distance from the base of the bag to 
the base of the bladder, the distance between tlie shaft of the bag and the rectal 
balloon, and the point, in the lateral film, at which the catheter turns forward, 
indicate the length of the prostate, tlie degree of intrusion into the bladder, and 
the thickness of the middle lobe. 


C. J. E. Kickham, Boston, reviewed a series of carcinomas of the prostate from 
the Pondville Hospital. Thirty-nine per cent had extraurinary complaints, usually 
due to metastasis, at the onset. He favors perineal exposure of the prostate for 
biopsy in doubtful cases. 


B M. Hance, Easton, Pa., presented a review of fifty suprapubic prostatec- 
tomies in good-risk patients without preliminary catheterization, with the object 
of avoiding infection altogether. The average hospital stay was 15.6 days, less 
than one-half the usual period. 


CT N Dorman, ■Washington, D. C., reviewed 300 transurethral resections. Ho 
' ■j.g preliminary catheter drainage, although it has been proved beyond a doubt 
. ■ .■■'unnecessary if tbe renal function is good and if active infection and 

Vcati'ons arc absent. No preparation ivns required by 13.0 per cent, while 
ent required preliminary cysto.stoni.v; .01 per cent remained in the hos- 
pftafless than a week .after operation. His mortality was rather high. 

T lev St Paul, Minn., pre.sented a new prostatic punch in which the 
"is actuated pneumatically. Mr. Frederick Wappler, New York City, 
tubular knite * pf the punch in action. Power is derived from a cylinder of 

shoived a colore ““ putstanding adv.intagcs are: tlie speed witli which tlie 

carbon, dioxide. ' “ ' cuttiuf’’ so that it will cut through thick cloth or beef bone; 
knife moves facd* “ pf ..vater iu the sheath expels the excised piece u Jicn 

and inertia of 

the knife is retracted. 
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beyond what the ‘ Good Book ’ assigns to man, that beautiful quality of sim- 
plicity. Youth takes to this quality like a duck to water; it bridges the years 
and sets aside all barriers. We cannot recall anyone who has maintained so well 
this characteristic, as his accomplishments have received recognition. 

"You have won for j'ourself a unique position, and yet in spite of the honors, 
the medals, the citations, you appear to us, your grandchildren, through the clear 
light of your simplicity of character, as a man we can still approach your 
preservation of modesty and simplicitj' is an attribute that allows us to come to 
you, to talk to you, to touch you. It is this characteristic that establishes you 
firmly in our hears. Moreover, and to us a chief concern, it is what makes you a 
good grandfather and a friend to all the w^orld. (What a pity you cannot hand 
down these essential qualities to some of those who sit in the high places of public 
life and try to govern us!) Your accomplishments may not be known to all here, 
and children must be allowed to prattle. 

"How many of you here know that in 1879 he served with the Havana 
Yellow Fever Commission? How many of you know that in every step forward 
in the public health advances of his beautiful city he was the leader? Possibly 
all of you know of his great gifts to vascular surgery and of the cure of aneurysm 
for which he holds world renown. 

"But do you know that he was amongst the first to administer spinal anes- 
thesia; that by 1888 his publications covered the topic of replacement of fluid for 
shock by the continued intravenous drip method; that by 1911 he was advocating 
gastroduodenal tube siphonage for intestinal obstruction, peritonitis and paralytic 
ileus? His modesty has allowed others to have their names attached to such life- 
saving measures though priority of thought and effort belongs to him! 

"Grandfather, we salute you! We are happy to be a part of the institution 
you have founded and so beautifully decorate. In case your children be not 
sufficiently outspoken, take it from us, your little ones, that you are just right 
as you are and that we hope you will never change. Certainly no man can detract 
from what you have done and no man can add to your accomplishments. Like 
all good grandchildren we leave our affectionate greetings at your feet.’’ 


James M. Mason, Birmingham, Ala., also spoke of Dr. Matas as follows: 

" It is a happy occasion which brings us together. In the midst of the activities 
of the meeting of the American Surgical Association, we are invited by our genial 
host, Dr. Mosby, to spend a social hour in honor of Dr. Rudolph Matas who was 
the 28th president of the Association, and who is one of its most distinguished 
members. 


‘ ‘ Though long retired from the active work of teaching, and having arrived at 
that time of life when most men are prone to withdraw themselves from their 
fellows and to lose interest in current affairs, and to dwell on the 'good old days,’ 
which someone has said, ‘never, never were,’ Dr. Matas refuses to abide by the 
rules. He is interested in everything, he reads everything, he sees everything, and 
is ready at all times to enter into a discussion of any scientific subject which is 


worthy of a professional gentleman’s attention. Instead of being separated 
from his friends, they seek him out and are drawn closer to him with the passing 
years. Where in this countrjq or elsewhere, could he face a more distinguished 
gathering of his colleagues than now surrounds him? And every one his friend! 

"On many occasions, both public and private, I have given e.vpression to my 
affectionate regard for him; and at appropriate times have outlined the more 
eventful steps in his career. So long has ho wrought among you and so well 
known to you is hxs work, that no word that I might utter would add one particle 
to your knowledge of his accomplishments. Therefore, for my broadcast, yL must 
tune ,n on a more personal wave length. I claim this privilege by rea!son of the 
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on the profession; a dutj'' some are unabie to meet, one shirked by others, and 
one richly fulfllled by those who regard it an unwritten law that they who 
onjoy the prestige of a profession should enrich it by their efforts and their 
labors. Br. Matas has discharged this obligation in fullest measure, finding his 
reward in a consciousness of service, in the approval and recognition of his con- 
freres, in the satisfaction of his own scientific curiosity and in the gratification 
that comes from contributing to the eoiumon fund from rvhicii ail may draw. 
His career and his achievements furnish inspiration and in whatever aspects they 
may be viewed afford an example W'orthy of our admiration and limitation. The 
biblical adage states that their fruits shall ye know them.’ A profound 
thinker, a brilliant operator, a renowned teacher, a distinguished author, a con- 
tributor of original w'ork increasing the sum total of medical knowdedge, an 
artist evincing a culture of superlative dimensions, he possesses attributes con- 
stituting the fruits by which we know him and wliich fully justify our saying 
with the Latin poet ’He has builded a monument more lasting than brass.’ Bor 
the vast majority of us life’s stream pursues its tranquil course ending in the 
ocean of oblivion without its power, it.s beauty or its strength having established 
a landmark that would differentiate it from those of our contemporaries. To 
possess the culture, education, intellectuality and ability, to have maintained 
the highest standard of professional and ethical excellence, to have lived a life 
of service in one’s community' and nation and to have displayed loyalty to ide.-il-s 
in a degree to win and merit the multitude of honors that have been showered 
upon him by the profession of the world is to stamp the recipient of such honors 
as a man among men, and as a surgeon among surgeons. These honors and 
preferments so richly bestowed are but the visible proof of the influence he has 
had on scientific medicine. I once heard Br. William J. Mayo quote an old 
Persian proverb to the effect that ‘he who learns and learns and yet does not 
what he knows is like the man who plows and plows but never sows.’ Dr. Matas 
is one who has learned and learned and sown and sown, sown deeply in the 
fertile field of practice with the result that during a long career a veritable 
multitude has arisen to call him blessed. To those who have been privileged 
to bask in the sunshine of his friendship he has ever been a delightful companion, 
a friend who knowing us as we are loves us still, an une.xcelled exemplar of the 
humanities and the amenities. I confess, Dr. Matas, that only under the conditions 
afforded by this testimonial would we .so unre.servedly bare our hearts to you, 
fearing that our seeming boldness might have an undesirable reaction on your 
sense of propriety. You deserve the encomiums and the prni.se given you this 
evening, and if they prove somewhat disconcerting, I tru.st you may be able to 
say of them, as the maiden sjiid of her first ki.s.s, .somewhat embarrassing, but after 

all moat enjoyable.” 


Elliott 0. Cutler, Boston, presented the following: 

"I welcome the opportunity to share in this happy occasion surrounded by 
t d followers of our honored guest, followers well endowed with 
*”'^t icaTabilities. I have, indeed, wondered wluit small part I might claim as 

my own tonighri shiny dome.s and whitened temples, that if oiir younger 
“It IS e ea acknowledge my lack of the above physical nt- 

members wi P them. I speak therefore not as a cliild of tho Matas 

L“ ' 

tradition oui - » ^children, Rudolph Matas, .salute you! We lake great pleasure 
“We, yaar gra” annreciation of permitting us to partake of this inheritance 
ill recording our deep ■ grandfather all the fine rpialities nhich men 

and we in our toi grandfather, have chiefly pre.served, to years well 

'admire and emulate. An . - 
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“At the dinner in his honor at the recent sectional meeting' of the American 
College of Surgeons in New Orleans, it was my pri'vilege to make one of the 
addresses. 

“The crowning glory of his professional life, and certainly the most interest- 
ing experience which has ever come to me, was the meeting of the International 
Surgical Society o'ver which he presided in Brussels in 1938. The opening meet- 
ing was held in the hall of the Belgian senate, where were gathered representa- 
tives of the King, noted city and state officials, including Burgomaster Max, who 
along with Cardinal Mercier and other heroic Belgians, was imprisoned during 
the German occupation, and representatives from forty countries. Dr. Matas 
addressed this assembly in classic French, the language of diplomacy throughout 
the world. Following this he presided with such grace and dignity at all the 
sessions of the society that he filled the hearts of the American delegates with 
pride, and placed American surger}- on a plane which challenged the admiration 
of the world! 

“Each night he attended elaborate social functions; and as a gracious courtesy 
to Dr. Elliott Cutler, the American Secretary of the society, and to the eighteen 
or twenty American delegates, he gave an elaborate luncheon which none of us 
will ever forget. 

“Following the adjournment of this meeting, we spent a week in Paris. It was 
the week before ‘Munich.’ England, France and Germany were on the point of 
declaring war. Ambassador Bullitt was urging all Americans to go home. The 
steamship offices were crowded with people seeking passage. Those who had no 
reservations were frenzied with anxiety. Members of his family who were with 
him were imploring Dr. Matas to return home with them, but he was unperturbed 
and stayed on. Absolutely the most unexcited individual in Paris at the period 
of greatest tension, his attitude reminds one of that of the village preacher so 
beautifully described by Oliver Goldsmith in his Deserted Tillage, of whom he says: 

‘As some tall clifi which lifts its awful form. 

Swells from the vale and midway leaves the storm, 

Though round its breast the rolling clouds may spread. 

Eternal sunshine settles on his head. ’ 

And so he stayed on. The war clouds rolled away for a time, and he brought back 
to us the most vivid and interesting accounts of War surgery in Spain that have 
reached ns. 

“It was while relating his observations at the meeting of the Southern Surgical 
Association last December, tliat my candid camera caught him in the very character- 
istic pose which you find on your place cards this evening.” 
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fact that Dr. JMatas and I Imve come along together. In 1895 he began to teaeh 
surgery at Tulaiie, and in the same year, I began to study surgery at the same 
school. He was at the top of the ladder; I was at the bottom. In the inter- 
vening years, our relative positions have remained unchanged. 

At this period he was at the height of his activity in the development of 
modern vascular surgery, and it was hardly a coincidence that on the occasion of 
niy first contact with him in ward rounds, he was engaged in demonstrating to a 
group of students the MacEwen operation of needling a subclavian abscess. In 
later years, on more than one occasion, I have spent strenuous minutes which 
seemed like hours, as the entire intern staff of the Charity Hospital, in relays, 
made digital compression on the femoral artery in worthy but, as I recall them, 
futile attempts to improve the condition of aneurysms of the lower extremity. 
On behalf of all the interns that have succeeded me, I thank you, Dr. JIatas, 
for the mechanical compressor which jmu have since devised. 


“Though following him as carefully as I could, and assisting at his opera- 
tions whenever I might, I have always felt that my internship was lacking in com- 
pleteness in that, as rotation in the hospital carried us from ward to ward, I was 
never assigned to his service. I well remember his successful handling of an 
interesting colloid carcinoma of the omentum, and many of the interesting opera- 
tions which he performed in those early days under local anesthesia. On one 
particular occasion I may have been of some material help to him. Ho was 
operating on a large uterine fibroid at one of the smaller hospitals of the city, 
and had the misfortune, which may at times befall the greatest of surgeons, to 
encounter serious complications in a difficult ease and find himself short handed for 


assistants. 

“When Dr. Matas spied me in the operating room corridor, he called for help, 
.and I have always felt that he was glad to have mo lend a hand. 

“And that reminds mo of another great surgeon who got into difficulties. 
A few years before World War No. 1, I was spending some time in Berlin, and, 
in company with some other Americans, visited the gynecological operating 
room of Professor Bumm at the Charite. The amphitheater was filled with throe 
or four hundred German students, and we saw on the operating table a woman 
whose abdomen was distended with what was most probably an ovarian cyst. 
To confirm the diagnosis which we had made by inspection, and at long distance, 
the Professor wrote upon the blackboard the name, Ephraim JicDowell, and 1S09, 
the date of his first ovariotomy. He then recounted to the students the history 
f McDowell’s celebrated operation, and praised the heroism and fortitude of his 
° tieat, Mrs. Crawford. We felt very proud of America! 

“Next he made a Pfanneiistiel incision, very popular at that time; but in- 
a finding a simple freely movable ovarian cyst with an easily accessibio 
stea 0 ^ McDowell had the good fortune to encounter, he got into an 


pedicle, such as 


got 

We .spent an hour watching him and 


siinourating broad ligament cyst. 

adhereu , sponge, aspirate and ligate, but Imd to leave before the fini.sh. 

Ids assista Germany! When we sec these things happening 

We left fee mo often happen to many of u.s. we are again reminded 

in high places, ‘ < jugy O 'Grady and the Colonel's Lady are .sisters, so 


that even amoiio ^ 

V tllO 

to speas, been my good fortune to come in contact with 

“Since my sW ^ ^ other scientific societies. I was permittcii to 

Dr. Matas at which attended the presentation of the ‘Birthday 

take part .in the ext - interesting and honored guest in my home, where 

Volume’; end he has beta . 
he captured all hearts. 
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i. tane.ci.1 ,vl..n th. ...der » . .t»de„t 
leave the casual peruser with a prejudiced viewpom • pj-juted 

Except for twenty counted typographical errors in spelling, 

and easily readable. 

Infections of the Hand. By Allen B. Kaiiavel, M.D., Lat^Piofessor^^ ' 
Northwestern University Medical School, Chicago, 111. • ■ 

with 229 illustrations. Philadelphia, 1939, Lea and Pebiger. $ 

Early in his career, the late Allen B. Kanavel set himself Uie 
standing the minute anatomy of the hand. Out of that ‘‘f^^ion grew the most 
authoritative surgical monograph on the infections ot the ^nt. 

present seventh edition was printed after Dr. Kanavel s 

The major emphasis, as in previous editions, has been on the anatomj^jt 
the hand. Employing injection techniques, Kanavel wms a e ^ engaged 
the manner in which infections spread in the hand and fingers. 

in the practical aspects of the management of hand infections o banter 

familiarize themselves with Kanavel’s postulates. An 

on reconstructive procedures for the sequelae of hand infections Y^P^.^ies 
Kanavel left in Chicago, the site of his surgical activity, a 
who have carried on and e.xtended the Kanavel tradition. It is P 

this book will continue to live in new editions through . 

Dr. Kanavel came from the anatomic school. Appropriate y, i 
the hand as related to surgery has been given paramount emphasis In suji^se^ 
quent editions, the bacteriology of infections, as relate o c em 
more detailed physiologic consideration of the therapeutic va ue P 

measures, will probably be given greater emphasis. 


A Synopsis of Surgical Anatomy. By Alexander P"®® .^Com- 

Cloth. Pp. 664, with 648 illustrations. Baltimore, 1939, \ i lam 

pany. $6. 

The author has succeeded in presenting in an interestmg manner niany ana 
toniical facts of practical importance. No attempt, however, to cover the *eld 

of surgical anatomy has been made. This detracts a great deal from « e ^ 
of the book and is the chief criticism which can be made of it. ‘ 

of the anatomy of the brain, with the exception of that of the pi uitary gland, 
is entirely omitted. There is no consideration of the arterial system, alt loug i 
the veins are discussed at length. Various organs, such as the lungs, stomach, 

pancreas, and spleen, have been neglected. 

The book is divided into two main parts. In the first part certain normal 
anatomical relationships are set forth. In the second part the anatomy o various 
pathologic conditions is outlined. In many chapters the narrow bounds of de- 
scriptive anatomy are overstepped and the anatomic basis for the pathologic 
physiology of many diseases is indicated. 

Throughout the book emphasis is continually placed on the practical value of 
a knowledge of anatomy. The text contains frequent hints which are supposed to 
aid in the memory of important relationships. There is an abundance of illus- 
trations and diagrams in each chapter. The last two chapters of the book, ' * The 
Anatomy of Surgical Procedures” and ‘‘The Anatomy of Surgical Approach,” 
comprising some seventy pages, more properly belong in a textbook of surgery. 
The information contained therein, however, is valuable. 
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Shock and Belated Capillary Phenomena. By ^’'irgil H. Moon, A.B., jSI.Sc., AI.D., 
Professor of Pathology, Jefferson Medical College. Cloth. Pp. -142, with 21) 
illustrations and 5 charts, hfew' York, 193S, O.^cford University Press. $3.50. 


Moon’s book approaches the subject of shock from the viewpoint of the pa- 
thologist. While this angle of approach is by no means novel, it has been mucli 
neglected of late, especially in the American literature. 

This book is bound to be of interest. It is the first monograph on shock in any 
language for fifteen years (the last being Cannon’s book in 1923). In the first 
portion of the book is one of the most complete reviews of capillary phenomena 
extant. The work of Krogh, Ebbecke, Landis, Lewis, Menkin, and others in tliis 
field is analyzed and correlated. The importance of the wheal is emphasized. 

The next, and middle, part of the book develops the thesis that the whe.al is 
shock in miniature. This portion of the book introduces the reader to the idea 
already e.xpressed in the title that shock is a capillary phenomenon. The author’s 
well-known definition of shock is given: “Shock is defined as a circulatory de- 
ficiency not cardiac nor vasomotor in origin, characterized by a decreased volume 
of blood, reduced cardiac output (volume flow of blood) and by hemoconcen- 
tration.’’ While admitting that the hemoconcentration which sets off the rest of 
the train of events is partly caused by local fluid loss, emphasis is placed on a 
generalized fluid loss due to action of substances similar to those which produce 
wheals locally, namely, the products of trauma. This brings forth the old toxic 
theory of Cannon in a new and better fitting dress and represents an advance 
in viewpoint. On the other hand, the chief evidence presented for this theory is 
(lualitative rather than quantitative. Furthermore, much of the qualitative evi- 
dence is based on terminal pathologic findings and may represent merely the 
results of late anoxia rather than of early action of tissue metabolites. From a 
nractical standpoint, it seems as though the separation of hemorrhagic shock from 
other types is made too much to fit the above definition of shock; i.e., accom- 
nanied by hemoconcentration. Little distinction is drawn between the effects of 
rlid and prolonged hemorrhage. Not all surgeons would agree with t he state- 
^ ^ sc fliat “it is well established in the etiology of osteomyelitis that 

rluTeS 1. ..u“oy by . ,bbb. b.io.y, .u,., .. . b™i.., . yr.n.b 

or a strain. portion of the book considers various clinical conditions in 

'"1" r ’kS v^drome may occur. This is one of the best sections. This re- 
svlueh a shockliKe ^ concept that many of the post-mortem fiiuling.s 

viewer was especia ) upassivo congestion’’ or to “terminal broiichopiieu- 

usuaily denoted as ^ generalized outpouring of fluid caused by some 

monia’’ are o„lv one e.xample, it is postulated that many in- 
shocklike condition. ‘ gumonia may be due to development of a sublcthal 

stances of postopera i^ edematous pneumonia’’ being of very coin- 

degree of shock, a }P recovery occurs too soon. 

mon occurrence recommended to physiologists, pathologists, and Uiose 

This book can be hca gg„clatc 3 many of their observations from a clinical 

in the piecUnical science ^ ,,g recommended un- 

viewpoint. The „„ excellent, even though one-sided, 

reservedly to theorj- of shock. Criticisms of other writers oHcn do 

exposition of the ‘ to^c ,I,.s verv 

pot pay enough attenti 
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Part IV contains four lectures grouped under the general title, “Some p- 
proaches to the Nervous Control of the Organism.” Titles and authors are as 
follows: “The Physicochemical Approach to the Mechanisms of Conviisue 
Reactivity” by Irvine McQuarrie; “Methods of Analysis of Nervous AMion y 
Herbert S. Gasser; “The Nervous Regulation of Visceral Processes” by Detlev W. 
Bronk; and “The Argument for Chemical Mediation of Nerve Impulses” by a ei 

B. Camion. . . , 

It is not feasible to review adequately each lecture because the mateiia piesen e 
is condensed and pertinent to the subject. While all the addresses should be of 
interest to ph3-siologists, biochemists, and individuals interested in receu a 
vances relating to scientific medicine. Parts II and III contain ma eria o 
special value to the clinician. The fields included in the lectures in ® ^ . 

IV are necessarilj' encumbered with specialized and technical terms 
most articles on the subjects make understandable reading bj an indiv i ua 
familiar with the subject all but impossible. The articles on these su jec s 
this volume are characterized bj' a simplicitj’ of expression which a master o a su 
ject sometimes achieves and thus conve3' meaning to the technicalh une uca 
reader. The volume is adequately provided with simple illustrations. 


Synopsis of Operative Surgery. B 3 ’ H. E. Moble 3 ’. Pp. 375, with 339 illustrations, 
39 color plates. St. Louis, 1940, The C. V. Mosb 3 ’' Co., $4.50. 

The author has attempted to present concisel3' “the fundamental principles of 
operative technique ” in a pocket-size edition. The various steps in the opera v 
procedures are briefly described “in logical sequences” and illustrated wit 1 simp 
pen-and-ink drawings. . , 

The first few chapters are devoted to preparation of the pa.tient an ^ 
for operation, anesthesia, postoperative care, knot t3’ing, and incisions. e re 
maining chapters deal with surgical procedure applicable to various regio s 
the body. The value of this fairly comprehensive synopsis is unfortunately 
marred by certain inaccuracies and the author’s apparent lack of fanii iaiit3 
some of the present-da3' operative methods. Certain procedures, which in 
3'ears have become fairl3'’ standard, are conspicuous by their absence an o e , 
which are now more or less obsolete, by their presence. Thus, for examp e, S3 
pathetic block, 83’mpathectom3'', and transverse abdominal incisions are not 
mentioned. On the other hand, vessel anastomosis, radical phlebectomy or 
varicose veins, direct transfusion, neuroplast3'’, and gastropexy are prominen 3 
described and illustrated. Moreover, the descriptions and illustrations of some 
of the procedures seem to follow' rather antiquated texts, as, for examp e, 
procedure of thoracoplast3'' and the anterior approach to the livei. Some^o 
illustrations are obviously incorrect, such as that of phrenicectom3 , showing le 
phrenic nerve coursing across the scalenus anticus muscle obliquel3 downw ar 
and laterally and the technique of hypodermoclysis showing the needles inserted 
directly beneath the breasts. The book is, however, compact and very readable. 


The Tundamentals of Internal Medicine. By Wallace Mason Yater. Ed. 1, Pp. 

1-021, with 254 illustrations. New' York, 1940, D. Appletou-Century Co. $9. 

Pifteen months after the first edition of this volume appeared, a revised edition 
has been published. In the preface to the first edition the author stated that his 
purpose was to present in simple form a book for students and practitioners con- 
taining the essentials of internal medicine. It was an answer to the complaints 
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Fractures, Dislocations, and Epiphyseal Separations. By Harry C. W. S. deBrun, 
M.D., F.A.O.S. Cloth. Pp, -168, with 150 illustrations. Chicago, 1939, The 
Year Book Publishers. $3. 

This is a concise, well-written outline of fractures, dislocations, and epiphyseal 
separations which will prove to be a valuable handbook to the general practitioner 
and especially for interna and surgical house officers. It is obviously not intended 
for those specializing in the treatment of fractures or orthopedics. 

The material is presented largely in outline form. In most eases several forms 
of treatment are listed; e.g., in fractures of the os calcis four methods are de- 
scribed. Yoerg’s procedure is unfortunately omitted. Forcible hj'perextension 
methods of reducing compression fractures of the lumbar spine are also omitted. 
There is no mention of the u.se of vitallium for the internal fixation of fractures. 

Illustrations and roentgenograms of necessity are limited in number. The 
illustrations of the fracture equipment setup will prove valuable ready references 
for interns and surgical house officers. There is a short chapter on physiotherapy 
and a valuable discussion on the roentgenologic diagnosis of fractures is included. 


Chemistry and Medicine. Edited by Maurice B. Visscher, Professor of Physiology, 
Medical School, University of Minnesota. Cloth. Pp. 296, with 73 illustrations. 
Minneapolis, 1940, University of Minnesota Press. $4.30. 


This volume consists of fourteen lectures which were delivered as a part of the 
program commemorating the fiftieth anniversary of the founding of the Medical 
School of the University of Minnesota, Get. 12, 13, and 14, 1939. The subjects of 
the lectures are related to a single general theme, “Some Trends in Medical Prog- 
ress Witli Particular Eeference to Chemistry iu Medicine. ’ ’ Tliis theme was 
chosen because it represents one of the most recently developed and more rapidly 
expanding aspects of medical science. Each lecturer was selected on the basis 
of his special fitness to present an .authoritative .address on the chosen subject. The 
fourteen lectures were edited by Maurice B. Visscher, Chairman of the Anniversary 
Committee on Publications. 

The nature and scope of the material included in tlie volume can be indicated by 
the method of organization of the monograph and the listing of the titles of 
lectures and authors. The entire subject ni.aterial is divided appropriately into 


four parts. 

Part I consists of three lectures dealing with related phase.s of the general 
bieet ‘ ‘ Progress iu the Application of Physical Chemistry to Medicine. ’ ’ The 
first lecture is”by Herbert Preundlich on “Some Aspects of the Colloid Chemistry 
Arcmbranes,” the second by Maurice B. Visscher on “The Performance of 
Ocmntic Work in Living Systems,” and the third by John P. Peters on “Some 
ions by Which Solutes lifay Bo Differentially Concentrated by the Kidney. ’ ' 
Reactions lectures de.aling with the general subject, “Some Recent 

■r iu Metabolism.” Subjects and authors are as follows: “Organic 

Investig. ^ Pursuit of Vitamin Re.search” by Lee Irvin Smith; “On the 

Chemistry Piet” by George O. Burr; untl '‘Hepunn iind Throm- 

bosis” by Charles Aspects of Immunity and Chemotherapy” and eon- 

Patf MI dea s w pertinent to this theme: “Recent Chcmica! Trends in 

gists of four subjec a yiiei,acl Hculellicrger; “The Biology of Animal 

the Study of “The Mode of Action of SulfaniJamide and Its 

Viruses” by Bobert t- ^ "Chemistry in Urinary Anti.sepsis” by 

Derivatives” by Perrin 
Henry P- Helmholz- 
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Original Communications 


PARTIAL GASTRECTOMY^ FOR PEPTIC ULCER 
A Review of Seventy-Pour Operations 


Roy D. McClure, M.I)., and Lawrence S. Pallis, M.D.,* Detroit, Mich. 

(From the Department of Surgery, Henry Ford Hospital) 


POR many years the operative procedure at the Henry Pord Hospital 
for peptic ulcer, apart from perforation, was limited to gastro- 
enterostomy. Our results in general were good so far as immediate 
benefit was concerned, Init many of these patients continued to have 
recurring attacks of gastric distress which limited their activity and in 
some instances led to a state of chronic invalidism. Ylarginal ulcer, the 
hete noire of the gastric surgeon, has been in our experience a rare 
sequela of gastroenterostomy. YVe believe that freedom from this and 
other serious complications has been due to following the operative tech- 
nique taught to one of us (R. D. IM.) by PinnejL^ This procedure em- 
ploys the Halsted^ principles of no crushing clamps, a minimum of cat- 
gut sutures, and the use of fine silk on atraumatic needles for the ap- 
proximation of the serosal and submucosal coats. Our experience with 
gastroenterostomy in the treatment of peptic ulcer agrees with that of 
other observers in that the best results are obtained in long-standing 
cases of pyloric ulcer with organic stricture and definite maintained 
gastric retention which does not yield to conservative treatment. Gastro- 
enterostomy is not satisfactoiw in the treatment of peptic ulcer when 
pyloric obstruction is intermittent, since this indicates that the blockage 
IS due to the edema of pronounced hyperacidity with accompanying 
gastritis and duodenitis. 


Dissatisfaction with the end results of gastroenterostomj' led us into 
a brief trial of the so-called physiologic operations on the pjdorus. Of 
these, the I' inney pyloroplasty^ is best because it is more radical than 
the lim ited pyloroplasty of the Heineke-Milmlicz or Horsley type.’ 


Uecclvoa tor publicitlon. Januarj- IS 1040. 
in m^pr^naraUon"of‘\\'!u assistance 


rendered 
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of students “tlint they ‘can’t see the woods for the trees.' ” It was his hope 
that as the student progressed lie would consult more compreliensive systems 
and textbooks of medicine and original articles. The publication of a new 
edition in such a short space of time is the result of an agreement on the part of 
the author and publislier to keep the material up to date. 

The contents of the volume have been presented in an unique and effective 
manner. The book is divided into several sections. Eacli section is headed by an 
outline of the topics that are to be discussed. Important statements and key 
words are presented in bold type. The outline form is used frequently throughout 
the book. In discussing tlie pathogenesis of disease processes, due regard lias 
been given to physiologic and pathologic considerations. Another feature of this 
work not found in many textbooks of medicine is the large number of well- 
reproduced illustrations. Several of the sections have been written in collabora- 
tion with outstanding authorities in their fields. Among these is Dr. Sanford Eosen- 
thal, Senior Pliarmacologist of the National Institute of Health, wlio contributed 
sections on ‘ ‘ Tiie Diseases Due to Intoxications, ’ ’ and ‘ ‘ Diseases Due to Pliy.sical 
Agents.” Dr. \V. H. Sebrell, Surgeon of the National Institute of Healtii, col- 
laborated on “Diseases Due to Vitamin Deficiency,” Some c.xception might he 
taken to including sections on “Diseases of the Skin,” “Diseases of the Ear,” ami 
“Diseases of the Eye” in a textbook of internal medicine. However, the section 
on “Diseases of the Skin” is excellent. In the copy available for this review two 


pages of the inde.x have been omitted in publication. 

The material as a w'hole is orthodox and well presented. In an attempt to 
present only the fundamentals of internal medicine, perhaps some topics are in- 
adequately discussed, wdiile other subjects are given more space than they war- 
rant. As an example, the same amount of space is devoted to a consideration 
of sickle-cell anemia as is given to a general discussion of allergy. While the 


author and publishers are to be commended for their endenvor to keep the mate- 
rial up to date, recent therapeutic procedures are included which have not been, 
and perhaps will not be, generally accepted. In discussing the use of sulfnmido 
compounds for staphylococcal septicemia the following statement is made: “One 
that appears to be of considerable value in staphylococcal septicemia is a methy- 
lated derivative of sulfathiazole known as sulfametliylthiazole, administered in 
.similar dosage to sulfapyridine. It is apparently less to.xic than tlie latter.” 
Subsequent investigations have shown that sulfametliylthiazole is quite toxic, and it 
is doubtful that it will be available for general use. 

Yater has accomplished his task well. The voinnie can be recommended for the 
student entering upon the study of clinical medicine for the first time as well 
the surgeon who desires a concise summary of recent advnnee.s in internal 


medicine. 
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Table I 


Age Distribution 


DECADE 1 

age 

j NUMBER OF CASES 

PERCENTAGE 


20-29 

4 

5.4 


30-39 

19 

25.7 


40-49 

25 

33.8 


50-59 

18 

24.3 


60-69 

8 

10.8 

Total 

74 



Youngest patient, 22 years; oldest, C7 years; average, 44.7 years. 


difference in the daily life of the sexes and the excessive stress and strain 
to which men are subjected as compared with women. Most will agree 
that this is an important etiological factor in the production of ulcer, 
and certainly these figures would tend to substantiate this opinion. 

Race Distribution . — Over 90 per cent of the patients were white, and, 
since in this area the colored population is 7.2 per cent of the total, there 
is apparently no racial immunity. 

Table II 


Occupation 


GROUP 

, NUMBER OP PATIENTS 

PERCENTAGE 

Laborer 

40 

54.2 

“■Wliite-collar” 

15 

20.2 

Executive 

12 

16.2 

Professional 

7 

9.4 

Total 

74 

100.0 


Occupation . — Table II shows the division of these patients according 
to occupation. The relatively high proportion of patients in the “execu- 
tive” and “professional” gi'oups again brings up consideration of stress 
and strain as important etiological factors. These two groups, together 
with the “white-collar” group, almost equal the number of the laboring 
group, although they are far outnumbered in the general population. 

CLINICAL FEATURES 

The subjective symptoms of peptic ulcer are characteristic and are of 
great diagnostic value. 

Table III 

Location and Character op Pain 

Pain 

Epigastric 
Not located 
Burning- 
Fullness 
Gnawing 

characterized 

No pain 


85.2 

78.4 

6.8 

14.8 
13.6 

10.8 
45.9 
14.8 


All Bgurcs Indicate 


percentages. 
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We have had no experience Avith direct gastrodnodenostomy as spon- 
sored by von Haberer^ in Germany and Wilkie^ in Scotland because 
results, except in the hands of the sponsors, have not been entirely satis- 
factoiy. The chief difficulty, as Wilkie has pointed out, has been in the 
failure to secure adequate mobilization of the duodenum, a point that 
has been so frequently stressed by Finney.'’ However, even in the Euro- 
pean strongholds of this operation, tlie tendency has been to abandon 
it in favor of partial gastrectomy. Wilkie, just before his untimelj' 
death, had given iip gastroduodeuostom}’^ because of the high incidence 
of mai'ginal uleei's that appeared in his patients whose eases AA'ere fol- 
lowed over a period of years. 

Beginning with pyloreetomy, we have gradually extended this opera- 
tion until our present-day opei-ation of partial gastrectomy implies 
removal of from rivo-thirds to three-quarters of the stomach. This shift 
to the left, to borroAV the phra.seolog\' of ConiieU,’’ has not been accepted 
withoAit some misgivings. The surgeon who advises such an extensive 
operative procedure as partial gastrectomy for such a small lesion as 
duodenal ulcer must believe ivlioleheartedl}^ in the operation. His be- 
liefs must be founded on facts, pi’eferabl}’' drawn from his own observa- 
tions and experiences. It was on this basis that our decision to continue 
Avith partial gastrectomj’’ as the operation of choice for peptic ulcer Avas 
formed. 

The patient Avho faces a formidable operation has tAA'o questions fore- 
most in his mind. First, Avhat are my chances of surviving the opera- 
tion ; and second, do I have a reasonable chance of being relieved of ra.v 
present distress? To the former question, we reply that the mortality 
rate during the past five years has been 5.3 per cent and that the last 
thirty-four consecutive ulcer patients Avho Avere submitted to partial 
o-astrectomy have all survived ; and to the latter question A\'e reply that 
a satisfaetoiy result has been obtained in approximately 90 per cent of 


the cases. 

The material for this study was taken from the records of tlie Henry 
Ford Hospital and includes the case histories of seventy-four coziseeutive 
patients with partial gastrectomies performed during the appro.ximately 
five-year period, Jan. 1, 1934, to March 1, 1939. 

4.cie Distribution.— The youngest patient in the group studied wa.s 
^ ^02 years, and the oldest was aged 67 years. The avei-agc age of 
447 A^eai-s is higher than is usually given for ulcer patients, since the 
^ Tvitient'had been a victim of peptic ulcer 7.5 years before sub- 
to operation. The age by decades is shown in Table I in which 
. „a,.o 7 ,ppd a"e of the patient is emphasized, for 70 per cent ot 
again the^ 35 

tlieiiiAA __yialcs outniuiibered females in the proportion of 

Sex Distil III • . jfigjjpe of ulcei-s in males brinies out the great 

nine to one. Ihe 
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Table IV 
Roentgenograms 


DIAGNOSIS 

NUMBER OF PATIENTS 

1 percentage 

Duodenal ulcer 

42 

1 56.80 

Gastric ulcer 

19 

1 25.70 

Narrowed or deformed antrum 

1 5 

6.70 

Marginal ulcer 

3 

4.05 

Gastrojejunal ulcer 

1 

1.35 

Jejunal ulcer 

1 

1.35 

Negative 

1 j 

1.35 

Not recorded 

2 1 

2.70 

Total 

74 

100.00 


X-Ray Examination. — Table IV slioivs the results of the six-hour and 
immediate x-ray examination of the stomach. A definite localized diag- 
nosis was made in almost 90 per cent of these patients. The diagnosis 
was qualified in only five patients. Only one patient was entirely nega- 
tive to x-ray. The two not recorded were patients with hemorrhage. 
This record shows vexy clearly the importance and accuracy of the x-i’ay 
diagnosis. The necessity of a repeated examination whenever there is 
any question about the certainty of the x-ray findings is generally 
recognized. 

Table V 

Duration of Symptoms Before Operation 


LENGTH OF TIME 

NUMBER. OF CASES 

PERCENTAGE 

Less than 6 mouths 

8 

10.8 

6 mo, to 2 years 

15 

20.4 

2 yr. to 5 yr. 

9 

12.2 

Over 5 years 

42 

56.6 


Longest period, 29 years', shortest, 2 weeks (bleeding ulcer); average, T.5 years. 


Duration of Symptoms Before Operation . — A study of Table V serves 
to emphasize our attitude toward operation, for here it is shown that the 
average patient suffered from ulcer symptoms for 7.5 years before being 
subjected to operation. Two-thirds of the patients had characteristic 
remissions of their ulcers in periods varying from one month to seven 
years with an average remission period of six months. Despite the pa- 
tients’ being subjects of a chronic annoying condition, the actual period 


of disability before operation yvas relatively short, averaging only twenty- 
four days for the group and ranging from one day in a bleeding ulcer 
patient to six months. 

Selection of Patients for Operation. — ^Ulcer patients become candi- 
dates for partial gastrectomy only ivhen adequate medical treatment has 
failed. All the patients in this series were subjected to operation only 
after conference between one of us and Dr. John IMateer or Dr. James 
Baltz of our Gastroenterological Division. The following are our defi 

mte indications for operation: (1) Cicatricial pyloric obstruction f21 

perforating type of ulcer, usually into the head of the pancreas, (3) as a 
hfesavnig measure m persi.sting acute hemorrhage, (4) history of rl 
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P(mi.-~Pam was by far the most constant symptom; 85 per cent of 
the patients had this complaint. Table III outlines the details of this 
complaint. Thirty-five per cent had no regularity in the time of occur- 
rence of the pain in relation to meals. Forty-nine per cent had pain 
from one to three hours after eating. Eleven per cent had pain less than 
one hour, and five per cent three hours, after eating. Only 17.5 per cent 
of the patients complained of night pain. 

Nmisea and YomiUng . — Nausea and vomiting was described as fre- 
quent by 28.5 per cent of patients ; b}’' 31 per cent as occasional ; and by 
11 per cent as rare. Thirty-nine per cent had no nausea or vomiting. 
Eighteen patients, or 24 per cent, noticed blood in the vomitus, and 30 
per cent noticed blood in the stool. 

Weight Loss . — This was not a prominent feature, since it occurred in 
only 27 per cent of these patients. However, the average loss was 21 
pounds in six months. Apparently the weight loss was either very pro- 
nounced or did not occur. 

Anemia was noted in only 36.5 per cent of the patients. 


Physical findings are of little help in establishing the diagnosis of 
peptic ulcer and are of much less significance than the history and symp- 
toms. Only 8 per cent of tlie patients showed general debility. Thirty- 
six per cent were recorded as showing pallor; 42 per cent had tender- 
ness in the epigastrium, and only 13 per cent had more than slight 
tenderness. Eight per cent had muscle spasm. Eighteen per cent showed 
evidence of sinus disease. This is a significant figure and bears with the 
contention that sinus infection may be important as a focus of infection 
in the production of an ulcer. The average blood count was 4,200,000, 
with hemoglobin, 81 per cent. The hemoglobin and urinary findings 
were relatively unimportant, over 86 per cent being entirely normal. 


Gastric Analysis . — As genei-ally i-ecognized, gastric analysis findings 
usually are not of importance or value in establishing the diagnosis of 
imcomplicated peptic ulcer. However, in the diagnosis of early pyloric 
obstruction, the overnight retention of food in t!ie stomach confirms the 


significance of the six-hour barium retention in the stomacli. In the 
second place, knowledge of the general level of free acidity in a patient 
with peptic ulcer is essential in the previous medical management, fir.st, 
because it aids in determining the amount of alkali indicated, and, .sec- 
ond in the ease of gastric uleer-s, if a nuirkcd suhaeiditj' is found, be- 
cause it is one point suggesting that the po.ssibility of a malignant type 
of ulcer should be kept in mind especially. 

The well-knowm terminal rise of free acidity was noted in a number 
duodenal patients, although many of them Imd a free aei<lity 
nmmal limits. It might be of interest to note that all of the 
within group who exhibited a definite liyperacidity 

SS SSt results from parfial .aafroofou,,-. 
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Table VH 


Type of Operation 



NUMBER OP 
CASES 

1 PERCENTAGE 

COMPLICATIONS 

1 DEATHS 

Polya 

60 

81.10 

19 

i 

Pinsterer ' 

7 1 

9.50 

3 1 

0 

Billroth n 

5 

6.70 

1 

0 

Subtotal gastrectomy 

1 

1.35 

1 

0 

Sleeve resection 

1 i 

1.35 

0 

0 


anastomosing only the lower portion is of definite value in deflecting 
the upper intestinal contents past the stoma rather than cascading it 
into the stomach, as occurs with the Reichel-Polya operation. This im- 
pression has been confirmed on many occasions by noting that there is 
a great deal less bile aspirated by the continuous suction tube when the 
Hofmeister-Pinsterer technique is employed. It has also been our ex- 
perience that this valve formation delays the appearance of bile in the 
suction tube by at least twenty-four hours, for with the Reichel-Polya 
operation bile usually appears on the second postoperative day, while 
with the Hofmeister-Pinsterer modification, bile is often not present 
until the third postoperative day. We believe that the first bile tends 
to be deflected along the jejunum past the gastric stoma and that bile 
appears in the stomach only w'hen the full flow returns. The appear- 
ance of the bile in the gastric suction tube after partial gastrectomy is 
a welcome sign indicating that all is well with the duodenal closure, for 
we have come to believe that duodenal blowouts are caused more by 
obstruction between the duodenum and the gastric stoma than by faulty 
technique in closure of the duodenal stump. AVe have also noted that, 
since adopting the Hofmeister-Pinsterer technique, our patients have 
not complained of occasional r’egurgitations of bile, a complication which 
not infrequently occurs during the convalescence following the Reiehel- 
Polya operation. AVhile only seven of the patients included in this study 
were subjected to the Hofmeister-Pinsterer technique, the foregoing 
impressions are based upon an experience of twenty operations of this 
type. We favor the retrocolic, isoperistaltic plan of gastro jejunal 
anastomosis, using only just enough jejunum to reinforce the closed 


upper portion of the stomach without distortion of the intestine. Care 
is exercised to place the anastomosis in the infracolic compartment to 
avoid constriction of the efferent loop of the jejunum. 

Patholo(jic Dicujnosis.—'Iv^hlQ ViII records Dr. Prank Hartman’s 
diagnosis of the resected specimens. Duodenal ulcei-s outnumber gastric 
ulcers nearly two to one in this series. This is due partly to the much 
greater incidence of duodenal ulcer, partly to the greater incidence of 
repeated recurrences and chronicity in duodenal ulcer, and, finallv to 
the tact that duodenal ulcer is more likely to cause pyloric obstruction 
ether rehexly by d.velopin, i„„„„,„.a.„ry etaa or by ™ 
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peated hemorrhages, (5) suspected malignant type of gastric ulcer, (6) 
gastro jejunal ulcer, and (7) reeuiTent ulcer activity after comprehen- 
sive and adequate medical treatment. 

There are the folloAving relative indications: viz., (1) patients in the 
lower economic group who cannot afford financially to follow out med- 
ical treatment properly and to face, then, possible subsequent surgical 
treatment; (2) patients whose intelligence quotients ivill not peimiit 
them to follow a medical program of therapy accurately; and (3) pa- 
tients with a major t 5 'pe of neiwous problem which is likely to interfere 
with successful medical treatment. 

Anesthetic . — ^During the past year, spinal anesthesia has been used 
almost exclusively. Nupereaine administered by the Jones® technique 
pi’ovides adequate anesthesia lasting well over two hours. Blood px’cs- 
sure is more I’eadily maintained at normal levels, and there is less nausea 
and vomiting with dilute solution of nupereaine, 1 :1,600, than with the 
higher concentrated spinal anesthetic, agents. Furthermore, it has not 
been found necessary to augment the spinal nupereaine with splanchnic 
injections. The calm, peaceful condition of the spinal anesthetic pa- 
tients both in the immediate postoperative period and on the following 
day is in marked contrast to the usual postanesthetic condition of the 
patient who has had a general anesthetic. Chest complications are espe- 
cially serious after general anesthesia; pulmonary affections are defi- 
nitely less after spinal anesthesia, although atelectasis is just as fre- 
quent. It is significant to note that in Table VI there were no deaths in 

Table VI 


Anesthetics 


AGENT 

NUMBER OF CASES 

PERCENTAGE 

peatus 

Ethylene and ether 

50 

75.65 

•i 

Ethylene 

4 

5.40 


Spinal 

34 

18.95 


Total 

74 

100.00 

4 


the patients to whom spinal anesthesia was administered. The group 
considered in Table VI is small, but we have now performed forty con- 
secutive partial gastrectomies under spinal anesthesia, witli only one 
death, and that not due in any measure to the anesthetic agent. 

Tups of Operation Performed. — In the evolution of the operation of 
rtial "astreetomy as developed by the authors, there has been a gra<I- 
^ 1 trend toward more radical operations until now wo feel that it is 
i-einovc from two-thii'ds to three-fourths of the stomach in 
necessay results. The type of operation has changed 

indicated in Table VII, from tlio Billroth IP to the Keiehcl- 
^^0 d more recently to the Hofnieister-Fimsterer^ tcehniquo. The 
Polya, an regularly performed because we consider that 

latter opeia i /.losin" the upper end of the sectioned stomach and 
tlie valve tormca o^ = 
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vents any collection of fluid in the stomach. The various complications 
as they occurred in the patients of this series are tabulated in Tables IX 
and X. Two tables have been eompiled in order to demonstrate that 

Table IX 


Eably Cojiplications op Operation 



NUMBER OP PATIENTS 

PERCENTAGE 

OP TOTAL 

Atelectasis 

13 

17.5 

Ileus 

12 

16.2 

Shock 

7 

9.5 

Pneumonia 

5 

6.8 

Peritonitis 

4 (4 fatal) 

5.4 

Hemorrhage 

3 

4.05 

Pulmonary edema 

1 

1.35 

Cardiac Dilatation 

1 

1.35 

Fibrillation 

1 

1.35 


Total number of cases with early complications, 20 


Table X 


Late Go^tPLicATioNs of Operation 



NUMBER OP PATIENTS 

percentage 

Obstruction 

8 

10.80 

Abscess 

3 

4.05 

Superficial infection 

2 

2.70 

Duodenal fistula 

2 

2.70 

Embolism 

2 

2.70 

Evisceration 

2 

2.70 

Superficial separation 

2 


Hypostatic pneumonia 

} 

1.35 


Total number of cases showing late complications, IS. 


early complications are by far the more serious, for all the deaths oc- 
curred in patients whose complications developed immediately after 
operation; those whose complications developed later in the postopera- 
tive period were all able to weather the storm. The most frequent com- 
plication was atelectasis which occurred in thirteen of our patients 
(17.5 per cent), with no fatalities. This condition is just as common 
after spinal as after general anesthesia. Ileus developed in twelve 
patients (16.2 per cent), all of whom recovered. The use of spinal anes- 
thesia has decidedly reduced the frequency of this complication. Shock 
appeared in seven patients, 9.5 per cent of the series, hut since we have 
adopted routine intravenous glucose and blood transfusions during the 
course of the operation, we have had not a single case of shock. 

Leakage of bile from the insecurely closed duodenal stump or from 
injury to the common bile duct was the most serious of all complications 
because of the development of bile peritonitis from obstruction and 
perforation of the jejunum proximal to the gastrojejnnal anastomotic 
site. There were two move patients who developed duodenal fistula as 
a late complication, hut they botli recovered. 
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Table VIII 


Pathologic Diagnosis 



NUMBER GP CASES 

PERCENTAGE 

Gastric ulcer 

18 

24.4 

Gastric ulcer with gastritis 

4 

5.4 

Total 

22 

29.S 

Duodenal ulcer 

32 

43.3 

Duodenal ulcer with gastritis 

15 

20.3 

Total 

47 

63.0 

Carcinoma 

! 5 

6.6 

Total 

74 

100,0 


forraity than is gastric nicer. On the other hand, a gastric ulcer defi- 
nitely is potentially more dangerous to life than a duodenal ulcer be- 
cause of the tendency to malignant degeneration. In our small series, 
five, or 18.5 per cent, of the twenty-seven gastric ulcers showed malig- 
nant changes on microscopic examination. On the basis of these find- 
ings alone, the importance of recommending operation for all patients 
with intractable gastric ulcei-s must be obvious. It can be reasonably 
anticipated that the probability of cure by operation for gastric car- 
cinoma in the subclinical stage must be excellent w'hen compared with 
the very discouraging results obtained by gastric resection in the usual 
patients with stomach cancer who come to the surgeon. Worthy of com- 
ment also is the number of cases of gastritis, especially in association 
with duodenal ulcer, which in our series approximated 50 per cent. 


Undoubtedly, the well-being of the patient after partial gastrectomy 
may be attributed, in part at least, to removal of diseased gastric mucosa. 
It is not alone freedom from annoying pain, but also relief from chronic 
dyspepsia, that enables many of these semi-invalids to resume their 
normal activities after operation. This point, so well stressed by Euro- 
pean observers, is so infrequeutly discussed in this country that some 
authors, attempting to di.scredit partial gastrectomies for ulcer, have 
suggested that peptic ulcer is not a comparable condition on the two 

continents. . 

Pn.tovcrative Complkutions.-'Tho number of postoperative compli- 
itnos has steadily decreased with increased experience m the manage- 
r nf these easel The use of the nasal eatlietcr with constant suction 
merit of anxiety regarding leakage at tlie anastomotic stoma, 

has remove < • - , j removed from the stoinacli is measured, 

W,c„ the 

the relief 0 employment of the imlwelling sfomaeh tube lias been 

our experience, reducing the mortality and morbidity of 

the greatest singi j..n,tice to leave the tube in the stomach for 

gastric surgery- s .swallow irefpieiitly small amounts 

five days._ This - grateful, ami at the same time it /nv- 
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table XII 


End Besdlts 



( NUMBER OP CASES 

PERCENTAGE 

Excellent 1 

34 

48.6 

Good 

31 

30.0 

Fair 

6 

4.2 

Poor 1 

3 

8.6 

Not classified 

6 

8.6 

Died 

4 i 


Total 

74 1 

100.0 


slight restriction in diet. A single complaint such as occasional distress 
or the necessity for frequent meals was enough to place an otherwise 
excellent I’esult into the “good” classification. “Pair” indicates that 
the patient was improved over his preoperative condition hut still had 
some complaints, enough to consider the operation not entirely satis- 
factory. “Poor” means practically no improvement. 


SXJMMiVRY 


1. A report is presented of seventy-four consecutive partial gastrec- 
tomies for peptic ulcer performed at the Henry Ford Hospital during 
the five-year period, 1934 to 1939 inclusive. 

2. The mortality for this group was 5.3 per cent, and all deaths were 
due to peritonitis. There has not been a fatality among the last thirty- 
four patients in the series, 

3. The males outnumbered females nine to one. 

4. Over one-half of the patients had submitted to previous operations 
on the gastrointestinal tract. 

5. Pain, nausea, and vomiting were the most constant symptoms of 
ulcer, being present in 85.2 per cent and 70.2 per cent of the patients, 
respectively. 

6. Roentgenograms were the greatest single aid to diagnosis. Posi- 
tive findings corroborated at operation were recorded in over 90 per cent 
of the cases. 

7. The ratio of duodenal to gastric ulcer was two to one, whereas the 
ratio in our perforated ulcer series^® was three to one. 

8. One patient of the four who died, died after the development of 
early postoperative complications-, all survived late complications. 

9. The end result was excellent or good in 75 per cent of the patients. 

10. Careinoina, which was suspected neither clinically nor by the sur- 
geon at operation, was diagnosed by the pathologist in five patients with 
gastric ulcer. 


CONCLUSIONS 

Partial gastrectomy yields such satisfactory results in the treatment 
of selected cases of peptic ulcer which do not respond to medical man- 
agement that It IS firmly established as the operative procedure of choice 
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Cause of Death . — ^All foui' deaths in this series were caused by peri- 
tonitis. Bile peritonitis oecm-red in three instances, twice from a leak- 
ing duodenal stump and once from injury to the common bile duct. The 
remaining death resulted from kinking obstruction and eventual perfora- 
tion of the jejunum pr’oximal to the gastrojejunal anastomotic site. It 
is instructive to note that three of the four deaths occurred in patients 
operated upon because of intractable hemorrhages, and that, in all but 
one patient, the factor determining the fatal issue was technical diffi- 
culty in closing the duodenal stump, because the ulcer had penetrated 
into the head of the pancreas. These findings indicate that Pinstefer’s 
suggestion of sectioning the stomach proximal to the pylorus in difficult 
eases might be adopted with profit. 


Table XI 
Follow-Up 



NUMBER or CASES 

percentage 

Less than 6 mo. 

22 

31.4 

G mo. to 1 yr. 

11 

15.7 

1 yr. to 2 yr. 

11 

15.7 

2 yr. to 5 yr. 

2G 

37.2 

Died 

4 


Total 

74 

100.0 


Besults of Operations . — Some idea of the end results of partial gas- 
trectomy may be obtained from a study of Table XI. Our follow-up 
has been relatively effective, for approximately one-half of the patients 
in the series were followed for more than one year subsequent to opera- 
tion, and one-third of them for from two to five years. Actually, there 
were very few untraced patients, for one-half of those in the group of 
31.4 per cent who were followed less than six months were operated on 
so recently that they fell into tlie classification. 

The average period of restricted activity after leaving the hospital was 
only 1.3 months. Less tiian one-half of these patients, despite advice, 
remained on a restricted diet after six montlis. The diets of the re- 
mainder were only moderately restricted. Ufarginal ulcer, proved by 
x-ray, developed in three patients, and in an equal number it was sus- 
pected, but this sequela occurred only in those patients in whom limited 
resection had been performed. Over 40 per cent gained gz'eatly in 
weight and practically all the rest gained slightly. Including the pa- 
t’ents with suspected and proved marginal ulcer, 10.8 per cent still have 
^ nctrio distress, but in most instances this is only slight and read- 

some gastric uisuc^ , 

•1 „,^ntvolled by alkaline or looct. 

letailed classification of the end results is tabulated in Table XII. 
There it is shorni that approximately 75 per cent of the patients had 

good .®^“^^®\qa^ssified as having an e.xcellent result if he was satis- 
fi d aStf he had no complaints, no restriction of activity, and only 








transpleural of 

CARCINOMA OF THE ESOPHAGUS 

the cardiac portion OP THE STOMACH 

A Report of Two Cases 

B N Carter, M.D., Jean Stevenson, MD., and 
OsLER A. Abbott, M.D., Cincinnati, Ohio 

(From the Departmeirt of Surgery, ' 

Cincumati. and the Cincinnati General ILospxtal) 

TN THE instances in which it can be accomplished cIrdiaTend of the 
1 lower end of the esophagus, of a portion of ^ " ^ offers 

stomach, or of portions of both followed areas, 

the most satisfactory method of dealing wi i ca continuity of 

By this procedure the growth can be extirpated and the eontm^^^y^^^ 

the stomach and esophapis restored in one ® ^^se 

necessity for the formation of antetioiacic sc completed. This 

of rubber tubes to allow the of ^ 

operation should have a wide field esophagus are 

,Lt from 33 to 50 per cent of all carmnomas ^ ^ 
said to oeenr in the lotver one-lhird of th.s organ and abont pel 
of all those in the stomach occur at the cardia. , and in 

The approach to lesions in the ® ^ through the 

the lower end of the esophagus is easiei when pi.eliminary 

chest than when attempted through the abdomen. Aftei ^ ^ 

artificial pneumothorax has been induced the ^ 

opened through an intercostal incision in le the°esopha"US 

space and an esceUe.d exposu^ of the pin 

and diaphragm can be had (Fig. 3). costal maro-in an 

widely opened from the esophageal hiatus to t i^ortion of 

easy access is afforded to the entire cln the 

the liver (Pig. 4). The stomach can be readily mobil ed^ as an he 
lower half of the esophagus; and, after portions of them haie been 
.csected, the anastomosis can ™ ^^i^t 

there is little danger of empyema due to soiling the p etna ^ayi y- 
Empyema follows leakage at the line of anastomosis rat lei t lan soi in^ 
at the time of operation. 

The feasibility and desirability of the operation of esophagogastros- 
toniy have long been recognized. This is evidenced by the reports in 
the literature dealing with the subject of esophagogastrostomy. As far 
back as 1895, Bioiidd was attempting this operation on dogs. The first 

llccclvvul for publication. March 3. 1910. 
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The already low mortality rate is steadily decreasing. We attribute our 
decrease in. the mortality rate to improved operative technique resulting 
from increased experience and to the adoption of such measures as the 
use of spinal anesthetics, routine blood transfusions during operation, 
continuous gastric suction in the postoperative period, and administra- 
tion of oxygen both during and immediately after the operation to avoid 
anoxia and to lessen the occurrence of pulmonary complications. 
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remove any pull or drag on the point of anastomosis; and second, by 
stitching the diaplu’agm well down on the stomach, rather than close 
to the line of suture between the stomach and the esophagus. Eeeently 
in some experimental work we have anchored both the stomach and 
the esophagus to the chest wall (periosteum of the rib or of a vertebral 
body) so that the line of anastomosis between the stomach and the 
esophagus can actually be displaced from side to side and from above 
down without the least pull on it (Fig. 1). We believe that this is a 
most important point in the technique and that by utilizing it one can 
completely avoid tension. 

Table I 


Successful Esophagqgastrostomies Reported in the Literature 


SURGEON 

0 

NUMBER 

IF CASES 

YEAR 

OPERATION 

PERIOD OF 
SURVIVAL 

CAUSE OF 
DEATH 

Voelcljer3 

1 

1907 : 

Resection of carcinoma 
of cardiac portion of 
stomach tlirough ab- 
dominal approach 

‘ ‘ Months ’ ’ 

Metastasis 

Kiimmeli 

2 

1909 

1910 

Resection of carcinoma 
of cardiac portion of 
stomacli through ab- 
dominal approach 

‘ ‘ Months ’ ’ 

Metastasis 

Birchers 

1 

1918 

Carcinoma of cardia and 
lower esophagus 
through transabdomi- 
nal approach 

18 mo. 

Metastasis 

Golirbandts 

1 

1921 

Carcinoma of esophagus 
just above cardia; ab- 
dominal approach | 

6 mo. 

Intercurrent 

disease 

Olisawaio 

S 

1934 

Carcinoma of the lower 
one-third of esophagus ; 
transthoracic approach 

No statistics 
given 

No statistics 
given 

Marshalls 

1 

1938 

Carcinoma of terminal 
esophagus; trans- 
thoracic approach 

Since 1938 


Adams and 
Phemisters 

1 

1938 

Carcinoma of terminal 
esophagus; trans- 
thoracic approach 

Since 1938 


Cattelpi 

1 


Carcinoma lower esopha- 
gus and stomach; two- 
stage combined ab- 
dominal and trans- 
pleural approach 

Living 5 mo. 
after opera- 
tion 


Garlocki3 

1 

1939 

Carcinoma of lower end 
of esophagus ; trans- 
pleural approach 

Living 9 mo. 
after opera- 
tion 


Ochsncr anc 
DeBakey'2 

1 1 

1939 

Carcinoma of lower end 
of esophagus ; trans- 
pleural approach 

Living 



The rent in the diapln-agm tlirougli wliicli the stomach lias been 
brought into the thorax must be partially closed and the edges of the 
diap iragin then sutured to the stomach in order to prevent herniation 
ol the intesline tlirough the diaphragm. AVhen the diaphragm is sewed 
to the stomacli, care must be taken to attach it well down toward Ihe 
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surgeon, to perforin the operation on a human being was Wendel," who, 
in 190/, reseeted a eareinoma of the cardia and esophagus and, iiaving 
closed both organs, did a lateral anastomosis between them with a modi- 
fied Murphy button. His patient died in twenty-four hours of lienior- 
rhage. In 1908 Voeleker^ performed the first successful esophagogas- 
trostomy on a human being after Jiaving removed a carcinoma of the 
cardiac end of the stomacli through a transabdominal route. Good 
summaries of tlie literature can be found in articles by Bird" in 1939 
and by Adams and Phemister® in 1938. The varied techniques and the 
ingenious schemes for performing satisfactory anastomosis of the esoph- 
agus and stomach bear witness to the fact that until very recent years 
no one operation as performed on human beings had been found wliieh 
was satisfactory enough to recommend itself to the surgical profession. 
The successful ease reported Adams and Pliemister® in 1938 after 
numerous laboratoiy expei'iments and tJie ease of MarshalP likewise 
reported in 1938 liave given considerable hope that now the operation 
is on a fiimer basis than ever before. As shown in Table I, only eighteen 
successful esophagogastrostomies have been reported. Tlio cases re- 
ported here bring the total number to date to twent.v. 




The majority of tlie failures of the metliods which have been used 
in the past have been due to two causes; viz., sliock and leakage at the 
suture line. With the improved technique of operating, with better 
methods of anesthesia, witii the rceognition of the importance of pre- 
onerative pneumothora.x, and with the increased use of l)lood trans- 
f 'ons the danger from shock h/is praetic/dly di.sapj)eared and can 
be placed at'a minimum. The mo.st potent eau.se for leakage at the 
• line has been tension on the line of ana.stomosis. One has only 
suture to be convinced of tills. In the laboratory one 

“ ' , at >viU bv .!» dcscc of „„ ,l,o Ii,„. of 

eon co.it. 0 ) IW 

suture, io oljviate tension in two way.s; first, by anchoring 

have attemp e gj.io,iteiim of u nearliy rib in sueh a uay ;« to 

the stomach to me 
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When the two patients, whose ease histories are being repoiled, were 
operated upon, we had not done any experimental work on the suturing 
of the stomach and esophagus, but we were familiar with most of the 
literatui’e dealing with esopHagogastrostomy. The method in which the 
end of the esophagus was introduced into the stomach through a slit 
in its anterior wall and the stomach then pulled up around it with in- 
verting sutures appealed to us as a method of choice. This is the method 
which has been advocated by Bireher,® Meyer Fischer,^® and Bengolea^’’ 
and is the method which was used in both of our eases (Fig. 2). Al- 
though there was no leakage in either instance, there were strictures in 
each and both patients have had to have repeated dilatations in order 
to be able to swallow. We felt that in Case 1 the stricture probably 
resulted from not having placed enough esophagus into the stomach. 



Fig. 2. — The type of anastomosis which was performed in the two reported cases. 
The end of the esopliagus was introduced into the stomach and inverted into the latter 
with two rows of Lembert sutures of silk. 


In Case 2, therefore, at least one inch of esophagus was introduced 
through the incision in the anterior wall of the stomach, nevertheless, 
a stricture resulted. Following our experience with strictures in these 
two cases, we have performed a series of experiments on animals in the 
laboratory and have come to feel that the above-described type of anas- 
tomosis is not desirable. It uses up an unnecessary length of esophagus; 
it is apt to cause early obstruction to tlie lumen of the esophagus by 
the latter’s inverting into itself and to cause late strictures due to the 
fact that the end of the esophagus which projects into the stomach does 
not slough away but heals together forming a diaphragm-like stricture. 
The details of this experimental work will be published in a later com- 
munication. 


(’ASK L-((’incinm.ti General Uosiiital, No. lO.toST.) K. B.. a white woman, need 
,-.4 years, was admitted to tiio Cincinnati General Hospital on Sept. 15, 193S cL- 
plaiiiinK of and loss of weight. Five months before admission she hail 

not.vl a slight dilhenUy m swallowing while she was eating a fried eg<r The 
dysphagia had i.ieremied i„ .severity until for the past four weeks she had been unabl! 
,0 swill ow linn.ds and she had vomited everything which she attempted to siXv 
tshe had never vomited blood. There had been a loss nf ‘ lo swallow. 

i.. .w .1. -cu,. a. i.„., r ■- 




590 


SUliGERf 


greater curvature so as to jilace plentj'- of stomach in the thorax. Tlie 
tendency is to stiteli it too close to the anastomosis and thus create a 
di’ag on it. 

In the two ca.ses reported here, the stomach was securely anchored 
to the periosteum of a neai'by rib, after the anastomosis had been 
finished, with four sutures of silk. If tiie stomach is lifted high enough 
into the thorax so that thei’e is no tejision on the anastomosis and 
then held at that point by stitching it to tiie chest wall, the danger of 
drag on the line of anastomosis is decreased. In one of the cases men- 
tioned in this report, it was necessaiy to reopen the thorax one montii 
after the original operation. At that time the stomach was found to be 
firmly adherent to the chest wall and there was no tension on the line 
of anastomosis. As will be seen in the following ease reports, the end- 
to-side anastomoses between stomach and esophagus were not done asep- 
tieally, but, since there was no leakage at the suture line, the pleura 
was able to cope with the small amount of soiling and no empyema 
resulted in either case. In both instances the wound in the chest wall 
healed per primara. 

Gastrostomy had been done in each instance weeks or months before 
the actual anastomosis betweeiz stomach and esophagus was performed. 
In spite of this the stomach could be mobilized well enough to allow 
a sufficient portion of it to be pulled up into the chest to reach the 
esophagus without tension. It would make the operation much simpler 
if a gastrostomj" were not done as a preliminary. A jejunostomy 
would serve the same purpose and not interfei’e with the mobilization 
of the stomach. Though the operations wei'c time consuming, the pa- 
tients did not suffer from shock and at no time were their condition.s 
alarming. In each instance transfusions of eitrated blood were given 


during the operation. 

Dragstedt'“ has shown the frcf|uent occurrence of pneumonia in dogs 
following obstruction to the esophagus. TJie sali\-a overflows from tJie 
obstructed esopiia,gus and is a.spiratcd into tlic binnchial tree and thus 


o^ives rise to pneumonia. It also occurred to us that, if pem’.stal.si.s ^^'as 
Lpt at a minimum in the esoirhagus foi- several days after the osoi)hago- 
<mstrostomy was performed, there wouhi be le.ss danger of leakage at 
The suture line. For these two rea.son.s the o.so{)hagiis wa.s kept emjUy 
after operation by continuous suctioji af»plied to a catheter j.laccd in 
the esoplumus. It was surprising how much .saliva was evacuated fi-om 
tiw esoolumus in twenty-four hours. We believe tliat continuous sm- 
in the esophagus after operation is of definite value. The patients 
” ot allowed to attempt to .swallow fluids until ten days after opera- 
“w).c induction of a preliminary artificial pneumothorax was at- 
1 ■ , p.,ch ca.se. In one it was complete, in the other only jiartial. 
tempted n ‘ ftimy adhesions. In each ca.se the operation 

due to the , j .jij .inc.stlie.sia down to the pleura and there- 

was carried ont umic 

after cyclopropane u-scii. 
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Physical examinatioa showed a thin, pale, woman who appeared to be 64 years of 
age, rather than her given age of 54 years. She showed evidence of marked loss 
of weight and was highly nervous and apprehensive. The skin was dry and wrinkled. 
Except for a few enlarged glands in the groins, there was no adenopathy’. Her 
lungs were clear. The heart sounds were clear. No masses could be made out in the 
abdomen. 

X-ray examination after ingestion of barium showed a dilatation of the esophagus 
down to the cardiac end of the stomach, where a smooth-walled point of obstruction 
was seen. The “Wassermann reaction was negative. Esophagoscopy revealed a 
cauliflower-like gi'owth at the junction of esophagus and stomach which was project- 
ing into the lumen of the esophagus and involving the terminal 2 cm. of the 
esophagus. A biopsy from the growth showed it to be an adenocarcinoma of the 
stomach with considerable mitosis in many of the cells. 



On Oct. 1 a Janeway gastrostomy was done under local anesthesia. At this time 
a mass about 6 cm. in diameter was felt at the cardiac end of tlio stomach, a small 
gland was felt along the lesser curvature of the stomach, and the liver was found to 
0 rce 0 metast.Uic nodules. The gastrostomy functioned well and the patient 
ga.ned sue pounds m the first four weeks after operation. She was given a blood 
trans usmn of 320 e.c. of eitrated blood on Nov. 3 and armther of .575 c c on Nov 4 
An attempt at the uroductinn nf • i . 4. 

to the pre.^enco of Lrnj a ll’ ‘'1, »nsuccc.ssful owing 

4 > fiiuiesions between the Iviii" and the pleura. 



'■ ;• ( 
■l?\ ■• • \ 


Fig. 3. Case 1. Tlie exposure after hmf- u. v 

freed and a tape Passed", I'mimf if’ esopiiaffiis Jias 






594 


Under local and surgery 

and tot -test to aud ■: S 

jas uoH- split in the ‘‘“'‘’“t «'e frleT''^'^''® ^eed’L-t 

be partially dll ' —I eson" hiatus tot,' ^^biphraga: 

«s~- “•:£ 

— irif it:- - V- sr 

\ ,., ^ 


\ 


\ 



\ '■^. 

'M#X 
i;4''d IVK 


- .'iv-^ '" \ 

Fig. G— C;i.se 1. T,.,- 

»ua lias been clojced wifli n < b,s«- 1 

-a,.::, 

.evea,,. Hb. ' >■ l;R 

'" 111.. ;...,/„'s,.'. '‘‘"'■n 7.. 

bat toe liver to07ved no .neto.,... .... ‘'‘■■ 

:irier.v ahma mi, 

. r..,I 7 . 1 , . 


oat tne liver siioived no 

•l.vuhn- the left .-astrie arier.v nl,„„r mditv , '''" '"""^ -orraior.. , , 

aiach .note stomach to he j, idled into the .1 '" -'-^atore 'r 'T 

hT-eater curvature were divided hetiveen tr-,n 7- ' 'b'^- h. riwu '"'■‘"""‘■'I 

liown to the middle of the .-rcater rur^aial.''"'" Oom'dm 7 ""' 

Pa.vr clamp.s were placed across the .stonmeh «..,, , , ' ''’('ha;,m,, 

tumor and the stomach divided hetwce; ' "- ' 
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iGUiOVGcI tll6 f 


\ “ suture of W- „ ^ *»*«uiura silk CPin- hi ‘ 

^sopu^sn^ 

parallel to the curvature ^,17 «appJr “oT Tf " 

string suture, was intmH , *“"'®‘‘ the esonlnm ^ one 

imitea to the wall of tit"*" throih^J, ’ «'® Pa^^e- 

anastomosis. The rent in . . "'as brought up and t “a‘t>'ess sutures of 

interrupted sutures of sijfe J'"P‘‘>agm iras closed up to T f'f “''®'‘ *’'® ^‘“® 

«ie same material (Pto. S). r/ ’^''‘'‘‘^’'“■=‘Sn' stitched L tol t '«“> 

a large amount of normal s'tU 'f P*®“’'al cavity was now th ” ^ sutures of 
tJ>e pleural cavity in the eto t^ “nshroow eathet7^^^^' 

tile posta.mllary Unes Tho° 7 one in the ante “‘® 

of kangaroo tendon and tl " """ ‘ogether wftl 1 “" ®“« - 

No. 1 chromic cat-rut L ‘ I « layers w L 

of the wound itself xiie h "’i«> interrupted ^ ®“ture of 

cliest waP. "’OS completely e.vpanded 

A transfusion of aoo cc of U , ° “‘® 

tl-is was unable to be el at w f" “ ®‘»o‘ 0 ‘-o at 1 

or entered. It was evident that the "o opeLg ooSd I'l'l' 

n Jan. •}, 1939, two months after the l*t"oD "’'‘k surgically, 

uudor local anesthesia and the anastomosis ‘I'o wound was reonened 

about i, no eiadenee of recurrence anil r, ” .//-e were few adiS 

one was unable to feel any lumen at the poi 7 '* PO'-fcct- However 

sear w.thm the lumen of the csoph.agus. a metal sou 1*''”“'“' 'karse' 

gastrostomy opening and after considerable diffill"** 'i-ough the 
stneturo into the esophagus under direct guidance T, ''■'* i>‘c 

was such that further maneuvers were abandoned an ? /i “ “f tho patient 

operation nothing passed througii the stricture ami an ^'f'er thi.a 

were futile. attempts at swallowing a string 

On Jan. 7, 19,'i9, the wound w.as again reopened und> 
anastomosis inspected. There was no change in its a«esthe.sia and the 

incision from above downward was made "lirou-d, longitudinal 

csophagn.s and partly in the stomach. The stricture lE •‘’^‘‘wture, partly in tiic 
fibrous tissue, hut no recurrence of the carcinoma e.mid 'k'“se 

ivas introduced into flic opening in the csophagu, and ^ ureteral catheter 

V. braided silk thread was attached to tlii.s .and it wa, i>sillL] i7^ ' 
ng in tho esophagus. A sound was passed nn from the through the open- 

~ luto the iae/.don 


A braided silk thread 

ing in tho esophagus, .v ...... .,,, i,„. ga.stro-fo, , . • ' 7 

through the stricture, the braided silk tlinaad attached to it an,j 

out through the gastrostomy opening. The braided aiij- ‘^read pulled 

‘""g was thuj p. 


pulltd 
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tlirougli the stricture and was left in. place. The incision through the strietuie was 
now closed transversely to the long axis of esophagus and the chest closed as before. 

Following this operation, dilators of increasing size were threaded on the braided 
silk cord and imlled through the stricture from below upwards. After a few weeks 
a No. 36 French dilator could be easily pulled through the stricture. The patient 
was then able to swallow liquids, soft foods, and small pieces of hard food. She 
gained ten pounds in weight. However, in spite of the fact that large-sized dilators 
would pass through the stricture from below upwards, the patient had periods in 
which swallowing was very difficult and she would occasionally vomit. 

In August, 1939 (nine months after operation), she was readmitted to the Cin- 
cinnati General Hospital complaining of difficulty in swallowing, pain in the lumbar 
region and pain in the stomach when feedings were introduced through the gas- 
trostomy. The cardiac end of the stomach was inspected through a cystoscope in- 
troduced through the gastrostomy and no evidence of recurrence seen. An esophago- 
scope was passed and a small slitlike opening seen with scar tissue piled up around 
it, but no recurrence was made out. X-ray examination failed to show metastases 
to the spine or ribs. She was fed through the gastrostomy and seemed to improve 
slowly for three weeks. On Aug, 21, 1939, she died suddenly. 

An autopsy was performed, but no cause for death was found. No recurrences 
were discovered and there was no evidence of metastasis. T)ie suture line was in- 
tact, The esophagus was dilated just above the stricture into a small sac-like seg- 
ment. The stricture was nearly complete, only a tiny slitlike opening remaining. 
The walls of the stricture were composed of extremely hard, dense fibrous tissue. 
No carcinoma was present in the stricture. 


Comment . — A jejuiiostomj^ rather than a Janeway gastrostomy should 
have been done in this ease wlien it was found that the growth was in 
the cardiac end of the stomacli and the lower end of the esophagus. 
The delivery of the stomach into the chest was certainly hindered by 
the gastrostomy, but even with the gastrostomy enough stomach could 
he pulled up to permit a satisfactory esophagogastrostomy to be done. 

It was felt that there were two reasons for the occurrence of the stric- 
ture: first, that not enough esophagus was introduced into tlie opening 
in the stomach so that, when contraction daring liealing occurred, the 
short stump of esophagus pulled out of the stomach and the edges of 
the esophagus healed together, thus accounting for tlie stricture; second, 
that the opening in the stomach was made at right angles to the axis 
ol' the stomach, rather than i)arallel to it, so that when the stomach 
nnisenlaturc contracted it tended to clo.se tlie opening rather tlian widen 
it. 


Apparently the eaneor had been eon>pletely removed since no recur- 
rence or metastasis was found at autop.sy. If tlie stoma had functioned 
projicrly, the patient would have been well and jirobablv free from lior 
eaneer for the rest of her life. 

No cause was found at autop.sy for this patient’s death, but it must 
have been dejiendent in .some way upon her stricture with eon.seouenl 
inanition. 


An excellent exposure of the entire stomach or lower csopliagus was 
obtained througb the tran.siileural approach, and the ana.stomosis was 
pertormed more easily than it eonld have been by abdominal approaeln 
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Case 2. JIra, ai, P. (Ciuistiaw K. Holmes Hospital No. 39014S), aged 58 years, 
was admitted to the hospital oa Hay S, 1939. Her present illness had begun iu 
May, 1938, at which time she first e.xperienced difficulty in swallowing. Within a 
few weeks she was unable to swallow solid foods and regurgitation after swallowing 
was common. In July, 193S, s!ie was referred to a roentgenologist, who fouud almost 
a complete obstruction at the lower end of the esophagus. For two months she 
remained on a liquid diet and lost from twenty-five to thirty pounds in weight. 

In September, 1938, an esophagoscopj' was done. A constricting, ulcerative lesion 
was found in the lower one-third of the esophagus and a biopsy was taken. The 
pathologist’s report was "squauioua-cell carcinoma," The constriction was dilated 
every three or four days for several weeks to permit saliva to pass, but the esophagus 
would close again in a very short time. Because of her rapid loss of weight and 
strength, a gastrostomy was performed on Oct, 5, 193S. This procedure cheeked 
further loss of weight, but did not relieve the regurgitation of saliva. 

The patient related that for two years preceding the difficulty in swallowing she 
had been troubled witli indigestion, belching, and an occasional epigastric pain 
which radiated straight through to the back. When the difficulty in swallowing 
developed, she e.vperienced the sensation of a lump behind her heart wiiich could 
be relieved only by vomiting. Slie did not vomit blood and tliore were no black or 
tarry stools. 

With the complete obstruction of the esophagus, constipation became so severe tliat 
she required frequent laxatives. Stagnation and fermentation of the saliva in the 
esophagus was one of her worst complaints and was a source of great embarrassment. 
She learned to regurgitate this material almost at will so tliat she could empty the 
esophagus before appearing iu public. However, she could not escape the odor and 
taste of the fermented saliva and mucus, Tiiese alone, aiid not the desire to take 
food by mouth, were responsible for her seeking surgical aid. 

The patient was an emaciated woman, very active ami mentally clear. She 
weighed sixty-four poumls. Tlie skin was loo.“c and dry. The nnicnus membrane.-* 
had good color. Ollier than a foul halitosis, a gastro.stomy through the upper left 
rectus muscle, and signs of malnutrition, the e.vamination ivas not remarkable. 

On fluorosoopie examination a complete obstruction was demonstratcil in the lower 
esophagus about 7 cm. from the cardia. Tlio esophagus was greatly dilafed above 
the obstruction and e.xhibited powerful permtaltic action. Barium introduced through 
the "ustrostoinv .‘-liowcd the fundus of the stomach to be normal. Itoentgenogram.s 
of the chest and spine showcil no evidence of laotastase.s. Artificial pneumothorax 
was Uc<nin on the left on May 0, 1939, and after four treatments a complete eollap.-**- 
of tholung was effected. The esophagus wa.s irrigated thoroughly several times a 
d'lv The 'patient’s oral hygiene was gooil and with adequate care of the esophagus 
the halitosis and objectionable taste in the mouth largely disappeared. 

Two weeks after her first pncuinotliorax treatment the patient was operated upon. 
The 'operation' was begun under local anesthesia. .\n iuci.sion wa.s made along the 
- ^ of the seventh interspace up to a point two and one-half inches from the 
-hero it w-is curved upward to the fifth rib. Tiie inci.-ion wa.s deepened down 
.spine, a O-TO ^ (,ne.ii,cU segment of the seventh rib was resected do.w to the 

to the p ‘ secnrcil with electrocoagulation, after which the operation 

spine. Henios a=i ;i„e.sthc.-*ia. Tlie pleura was opened and the ehe.-'t 

was coiumuct spreader.-'. The ivoiiml cilge.i were carefully protected with 

spread widoll ,\unr/was fom‘d t« be well eoilap.-cd ami free of ,•|')he.^ion.^. Tin- 
moist towels. w „.,;re ea.'ily vi.-tializeil. Tlie pbrenie nerv,' was i»idated 

terminal esophagus a iiruslieil. The lo'j.-'e parii-Ial jileura oier the i,‘.s'jphagin 

just above the diap j upward into th.; inferior pidiiionary 

■ was incised in a linear ' 
ligament. 
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suture. The stonuich was tlrtuvn into die cJiest aud aueliored posteriorly to the 
perjosteum of the seventh and eigl.tU ribs by means of four medium silk sutures. 
The esophagus was tied off with a pur.se-string suture of catgut well above the 
himor, and the e.sophagus cut across between this ligature and a Kocher clamp. An 
incision was made through the anterior wall of the stomach well up on the fundus. 
The end of the esophagus, still closed by the purse-string suture of catgut, was 
introduced into tlie stomach through this .slit so that one iiicli of esopliagus projected 
into the lumen of the stomach (Fig. 10). The stomacli and esopliagus were now 
united by interrupted Lembcrt sutures of medium silk. One row of sutures was used 
posteriorly and two rows anteriorly. Tlie purse-string .suture of catgut was removed 
from the end of tlio esophagus just before tiie last suture.s were tied. Care was 
taken to insert the suture.s in tbe long axis of the e.sophagus to avoid the constriction 



,n Case ’’ The growth in the esophagus ha.s been re.socted along with a 

f.‘°' irtha stoinach The stomach has been clo.seU. The .snliil line on the stomach 
portion of me incision in the fundus through which the end of the e.sophagus 

shows tlm tin „trast tlie direction with that in Fig. (!). The end of the e.sophagii.s 
■was intioduceu ( ^ nurse-string suture of .Xo. iia c.ilKut. the end.s of which were 

has been closea e e.sophageal .stump well down into the stomach, while the 

left long hnd used to p esophagus. The inscit shows the comph te.l ana.stomosis. 

Note''the sut^®^ t"’' '”'-''''"''' "f ■•^'■lenth rib. 

«el.s Tlie line of aiiastomo.si.s Wa.s aliim.-t cniMiiletely roiered with 
of tlie bloo tes ^ ^ioma wiiicli would |ieriiiit the intioductioii of rilmo.st two 
a of OlliG ixiiastoniosis. Tlio of fho in 

fingers "US P’'® • . interrupted silk sutures and (he reiiiainiiig edges were 

"‘■rf;.": - 

ancliored to Iim inserted thimigdi a .stal, w.am.l in the anterior 

A No. 22 jll interspace. Tlie elie.st cavity was irrigated with .saline 

axillary line >“ " 
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SUBGEBY 


free from an accumulation of fluid which might produce an unusual 
strain on the suture line during retching or attempts at vomiting. 
It offers a means of keeping up the patient’s food or fluid requirements 
during the ten-day postoperative period when swallowing is prohibited. 
If a stricture forms at the stoma, it can I’eadily be dilated by introducing 
dilators through the gastrostomy as was done in this ease and in Case 1. 
Therefore, in the future it is planned to do a preliminary jejunostomy 
if it is necessary to feed the patient for several days or weeks before 
operation, and at the end of the operation of esophagogastrostomy to 
do a gastrostomy through the abdominal wall. 

Indications of stricture were first noted on the eighteenth day after 
operation. The stricture has been able to be controlled bj' repeated 
dilatations, but, if these are stopped, difSculty in swallowing soon ap- 
pears. 

As in Case 1 the wound in the chest wall healed per primam and 
there was no empyema of the pleural cavity. At the time of operation 
there must have been gi’oss soiling of the pleural cavity from the stom- 
ach and from the cut end of the esophagus, bi;t the pleural cavity 
seemed able to contend with this, provided all clots and blood were 
removed from it. A large series of operations of this type performed 
on animals has convinced us that the esophagus can be openly anasto- 
mosed with the stomach in the thorax without fear of empyema, provided 
that all foreign material is removed from the pleiiral cavity, that per- 
fect hemostasis is observed, and that no leakage at the suture line occurs. 


SUMMARY 


1. Two additional cases of successful transpleural esophagogastros- 
tomy are reported. One patient who was operated upon in May, 1939, 
is alive and apparently well. The other patient died ten months after 
operation and, though no cause could be found at autopsy for her death, 
it must have been related to a stricture at the site of anastomosis which 
developed after operation. 

2 The type of esophagogastrostomy in which the end of the esophagus 
is introduced into the stomach through a slit in the latter was used 
• both cases herewith reported, but it is not to be recommended. Stric- 
™ • followed in each of the two cases in which this type of anastomosis 


was performed. . „ 

A ehorin'’- of the stomach and the esophagus to some portion of 
thoracic cage after they have been anastomosed is advocated 
S to i-elieve temion on the suture line. 

° 1 of continuous suction in the esopliagus after esophagogas- 

4. The use relieving pressure on tiie suture line by rc- 

trostomy IS o ° secretions and by keeping esophageal peristalsis 

moving the accumuiatea 


at a minimum. 





THE EEGULATION OP CIRCULATION IN DIFFERENT 

POSTURES 

Erling Asmussen, j\LD., Ph.U., E, Hohwu Christensen, M.D., Ph.D., 
AND JIarius Nielsen, M.D., Ph.D., Copenhagen, Denmark 

(From the Lahoratorics of Theory of Gymnastics and Zoophysiology, University 

of CopenhageiiJ 

TN 1913 Lindhai’d was able to show that the circulation rate is smaller 
* in standing and sitting positions than in lying position. This result 
has been confirmed by later investigators who have obtained well-defined 
resting conditions involving a minimum of muscular activity and con- 
sequently almost the same 0„ consumption in the different postures. 

In many eases the erect posture undoubtedly means a maximal stress 
put on the circulatory system. It is a well-lcnown fact that especially 
young people with poor muscular tonus are inclined to circulatory in- 
sufficieney (decrease of arterial blood pressure, nausea, and collapse) 
while maintaining tlie standing iiosition for a long time. 

• It has been our object of research to investigate if, in connection with 
the .diminished cardiac output in standing position, any symptoms of 
circulatory insufficiency can be demonstrated also in cases where the 
arterial blood pressure remains normal and where no .subjective signs 
of poor circulation are obvious. 


METHOD.S AND RESULTS 

The subject was placed on a tilting board and fixed in such a way 
that the different postures between +60° (head up) and -60° (head 
down) could be maintained without any extra muscular effort. 

Fio-. 1 shows the results of a typical experiment with a normal young 
man in good physical condition (aged 35 years; height, ISS cm.; weight, 
85 kf ) The subject was tilted from horizontal to head-up position 
(+45°) and sixty-five minutes later liack to horizontal position. One 
leo- of the subject was partly (8 L.) inclosed in an air-filled phothysmo- 
o-ranh The curve of Fig. 1 shows a large increase in volume of the leg 
by changing from 0 to 45°. The swelling of the leg (475 c.c.) is due to 
an increased hydrostatic pressure in the veins and capillaries of the 
inwercd extremities, which will bring about a filling up of blood in the 
Psneeially in the veins, and a filtration of fluid through the 
wills The volume change due to filtration and filling up of 
clearly demonstrated in the plcthysmogram. By tilting the 
blooa IS plethysmogram shows a sleep fall, eorrespond- 

subject from poured out from the vr.ssels (275 c.e.), while 


the gradual decrease m 

■^ved'for publication, 


volume is due to absorption of the filtrate. 

February 1 ". 1910 - 
00 1 
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consumption and the 0, utilization will therefore be high; in the kid- 
neys, the intestines, and especiallj'^ the skin the irrigation may be very 
high compared to the 0, consumption and the venous blood leaving 
these organs therefore may have nearly the same 0^ content as the 
arterial blood. The high 0„ utilization found during muscular work 
may only mean a new distribution of the blood; relatively more blood 
is now passing thi’ough organs with a high 0„ consumption at the given 
rate of irrigation. In the same way the high arteriovenous 0, differ- 
ence found in shock conditions or durmg quiet standing does not neces- 
sarily indicate a slowing down of the circulation through all organs but 
may only show that, as the circulation cannot fulfill all claims laid to 
it, it is reduced through organs where it can be abandoned for some 
time without doing too much harm, that is to the skin, the intestines, and 
the kidneys, while the 0^ transport has to be kept up at a normal rate. 



To o-et some information regarding circulation to the intestine in the 
standhig position, experiments wth water intake in lying and standing 
ositions were carried out. Fig. 2 shows some results from one such 
^ Kperiment. The subject was placed on the tilting board and the water 
^ take started in horizontal position. During ninety minutes he dranlc a 
1 mount of 2 6 L. of water at body temperature. The diuresis went 
uu fiC a value of O.G c.c. per minute to 20 c.c. per minute. 

The subject was now tilted to standing position (45°). In spite of the 
, ^ intake continued at the same rate as before, tfie 

fact tbat the watei^^^^^^^ ^ ^ ^ 

diuresis shou ^ subject was now tilted to liead-down jiosi- 

following titty • minute. Two jmeuinatic cuffs, 

tion (-20°) ^,ound his thighs as possible, were then in- 

placed as nearty p^ tilted back to the stand- 
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ing positiou once more. During the following twenty minutes the 
diuresis increased to 12 c.c. per minute. Finally the subject was tilted 
back to horizontal position, the pressure on the cuffs was relieved, and 
the diuresis was measured during the next forty minutes. The last 
value was almost 16 c.c. per minute. 

During the first period at 0°, the pulse rate slowed down to below 60, 
but the tilting to +45° induced a marked acceleration to 85 beats per 
minute. In the second period of standing the pulse rate was practically 
back to horizontal values again as a result of the transfer of blood from 
the lower extremities to the central vessels (see page 609). 

In parallel experiments where the protein content of the blood plasmas 
was determined, a definite dilution of the plasma could be shoivn to take 
place during water drinking in hoinzontal position, wliile a marked con- 
centration far above the original value took place in the standing posi- 
tion in spite of the intake of large amounts of water. Here again the 
second period of standing (with inflated cuffs) shoived quite a different 
result, a pronounced dilution of the plasma. 

The most probable explanation for the relatively small diuresis in the 
standing position seems to be that a large amount of the water remains 
in the intestines, due to a locally I’educed circulation. That the circula- 
tion to the kidneys is reduced too was made probable by the fact that all 
three subjects showed signs of albuminuria after having maintained the 
quiet standing position for about one hour. 

The circulation through the vessels of the skin, too, has other impor- 
tant functions besides the 0, transport. In warm environment the skin 
circulation is much increased not due to higher 0, consumption but due 
to increased demands on the heat-i’egulating mechanism. A large change 
in blood distribution therefore might be expected to produce a similar 
effect on the skin circulation as was the case on the circulation to the 
intestines. 

It could be shoivn that when a subject in a warm room (35° C.) was 
tilted from horizontal to head-up position (45°) the skin circulation was 
much reduced, causing a drop in mean skin temperature of about 1° C. 
in one hour. At the same time the rectal temperature was increased 
about 0.5° C., due to the vasoconstriction in the skin. 

The diminished cardiac output in quiet standing position is undoubt- 
edly closely coiuieeted with the filling up of blood in the lower extrem- 
ities. Primarily this accumulation of blood in tlie peripliery will involve 
a diminished filling and a diminished pressure in the central veins and 
consequently a decreased return flow of blood to the heart. The effect 
of a lower pressure in the central veins to a certain extent can be com- 
pensated through an increase in pulse rate; that i.s, if tlie filling of the 
heart is more rapid during the fii-st period of diastole than later on. 
The following figiu-es udll demonstrate a veiy close relation between 
posture and pulse rate. 
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Fig. 3 shows the changes in. pulse rate o£ the same subject as men- 
tioned before by tilting from 0 to +60 or -60°. In Experiments a and c 
the blood could freely move to and from the legs, while in Experiment b 
the cuffs round the thighs were inflated in the horizontal position and 
consequently the vascular bed in which the blood could move freely in 
and out was limited significantly. In Experiments a and c the pulse 
rate went above SO per minute in head-up position, and in head-down 
position we found figures as low as 36 or 37. In Experiment b the effect 
of tilting was very much less pronounced. 




, , rite in different positions after cuttlnB off the circuiutlon 

Pig, and b. Pulse ry subject was: n. at -60" : b, at 0° ; c, control itcter- 

to both lower ' (From Asmussen et al.; Skandliuiv. Arch. f. physiol. HI: 

niimtUon without pressuie. 

190-203, 1939.) 

,1 Urn Tinlse rate in +60° (head-up) ; in Experiment a with 
E-s (the cuffs were inflated in -60“ before tilting); in Ex- 
<<emptied le ^ j^o^.^al blood filling of the leg,s (the euft.s 

periment b wi i 1 ; ^ position before tilting) ; and in Experiment c 

were intlated m lionzonui i 
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with maximal filling of the legs (no cuffs were used). With empty legs 
(Experiment a) the pulse difference between horizontal and standing- 
position (+60°) was 5 to 7 beats per minute; wdth normal filling (Ex- 
periment b), 15 to 16 per minute; and with maximal filling (Experi- 



Fig. S . — Pulse ami pletliysniogram (small plethysmograph ) ; a, on changing posi- 
tions from 0“ to head-upp-arcl +30° and +60° ; b, on changing positions from 0° to 
head-down position -30° and -60°. (From Asinussen ct al. : Skandinav. Arch. f. 
Pliy.siol. 81 : 190-203, 1939.) 



....it'®’- h' rate in the passive standing position (+60°), Black 

'-'tte vvhile standing quiet Open circles imlicate pulse rale on 
19o-ho3 < Front Asmussen et at: Skandin.av. .Vrch. 


circles indicate 
voluntary con- 
f. Physiol. 81: 


ment c), 30 heats per minute. The subnormal pulse values iu head-down 
po.sition could be shown in the same ivay to be closely related to the 
amount ot' blood accumulated in the legs. With blood-filled legs (the 
cuffs were inflated in standing position before tilting to head-down posi- 
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(ilO 

tioii) the pulse rate would be 50 to 55 instead of 40 or even below 40 in 
cases where the circulation to tlie legs was free (compare with Fig. 3). 

Fig. 5 shows pulse rate and plethysmogram (a smaller plethysmo- 
graph was used than the one mentioned before) from the same subject 
in positions between +60 and -60°. The relation between amount of 
blood in the legs and pulse rate is here very elear. The most surpris- 
ing result may be the fact that the emptying of the legs is so different in 
-30 and -60°. We expected to find A'eiy nearly the same volume in the 
two positions, but, as Fig. 5 shows this is by no means true, apparently 
it is quite difficult to make the deeper veins collapse. 


0 ° 



wm 6 demonstrates the importance of muscular contractions for the 
T+mn The subject has been tilted to head-up position (+60°) and 
,rculatio^ e^ the pulse rate went up from 50 to SO. The subject 

^ ^ rl to make static contractions of his leg muscles and the next 
ow starte j rjQ soon as the contractions 

auntings s lot contractions 

topped, the p central vessels, 

orced the blooa . volume, pulse rate, and stroke volume 

In Fig. 'i measiu- plotted together. The stroke volume 

rom the same expei ^ _ (liead-up position) and almost 100 e.c. in 

raided between 45 e.c. m dianges ai-e shotm in Table I. 

.60° (head-dotvn) ; e 
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Table I 

O2 CONSUIIPTION AND CiBCDDATION IN DIFFERENT POSTURES 


POSTURE 

ARTERIOVENOUS 
O2 DIFFERENCE 

c.c./L, 

O5 CONSUMPTION 

c,c./min. 

CAKDIAC 

OUTPUT 

L./MIN. 

PUESE 

RATE 

STROKE 

VOLUME 

(c.c.) 

+60' 

57, 62 

240, 245 

4.05 

79, 9S, 91, 100 

44 

(head-up) 

Avg. 60 

Avg. 243 


Avg. 92 


+45° 

62, 61, 58 

237, 242, 242 

4.0 

77, so. Si 

51 

(head-up) 

Avg. 00 

Avg. 241 


Avg. 79 


0° 

51, 55, 54, 49, 50 

249, 249, 257, 242 

4.8 

55, 57, 52, 54 

87 

(horizontal) 

Avg. 52 

Avg. 249 


Avg. 55 


-60° 

54, 49, 51 

250, 252 

4.9 

45, 38, 41, 4o 

117 

(head-down) 

Avg. 51 

Avg. 251 


Avg. 42 



The close connection demonstrated betiveen peripheral blood distribu- 
tion and pulse rate gives a strong support for the opmion that the 
changes in pulse rate can be regarded as essential pai’ts of a mechanism 
securing an adequate circulation rate. In head-down position we found 
that the pressure in the central veins (metliod of Henderson) was 10 to 
15 cm. of blood higher when measured with empty legs than when 
measured with blood-filled legs. The higher venous pressure found in 
experiments with emptied legs must be due to an increased filling of the 
central veins. The blood that has been forced out of the lower ex- 
tremities seems to have moved to the central vessels, increasing the pres- 
sure here and diminishing the air space in the thorax by about the same 
volume (Table II). 

Table II 


Vital Capacitv With “E.MPTr” and “Filled” Legs in Head-Down Position 

(-60') 


SUBJECT 

E. A. 1 

B. H. C. 

T. S. 

Vital capacity with “filled” legs (L.) 

nnnig^ii 

5.04 
5.20 
5.10 
Avg. 5.11 

4.67 
4.63 
4.63 
Avg. 4.64 

Vital capacity with “empty” legs (L.) 


4.60 
4.69 

4.61 , 
Avg. 4.63 

4.23 
4.18 
4.2S 
Avg. 4.23 

Difference in vital capacity with 
“filled” and “empty” legs (L.) 

0.50 

0.48 

0.41 


The mei’e fact that the venous pressure is kept high and the air space 
of the lungs is kept low as long as the head-doum position is maintained 
shows that the blood from the legs is not taken up by real blood depots. 

If the pulse rate of the standing or horizontal position were main- 
tained in head-down position, with increased venous pressiuv and con- 
sequently increased diastolic filling and increased stroke volume, the 
cardiac output and tlie arterial pressure would increase and would be 
kept at an unnecessarily high level. By decreasing the pulse rate, the 
cardiac output can be kept normal in spite of the increased venous pres- 
sure and increased stroke volume, provided only that the diastolic filling 
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does not increase in proportion to the longer diastolic period. Prom that 
point of view it is quite natural to look upon the lower pulse rate in 
head-down position as a compensation for tlio increased pressure in the 
centz’al veins, and in the same way to take the fast pulse rate in the 
standing position as a compensatory arrangement against a decreased 
pressure in the central veins. 

An increased pressure in the central veins, according to Bainbridge, 
should induce a faster pulse rate. The pulse acceleration found during 
muscular exercise is very often explained as being brought about in that 
way. As our results show, ■we have not been able to find any sign of a 
Bainbridge reflex and under these circumstances it 'would be veiy un- 
fortunate if it really existed; in head-do'wn position it would counteract 
the regulatory arrangements put into action to secure a normal earrliae 
output and a normal arterial blood pressure. The experimental proofs 
that a Bainbridge reflex is released by an increased pressure in the cen- 
tral veins are not very convincing. 

The pulse curves show that the changes in heart rate take place im- 
mediately after tilting, which indicates that they must have the char- 
acter of a reflex. 


In the arteries close to the heart only small changes in pressure will 
take place by tilting the subject, while the pressure in tlie more periph- 
eral arteries may change significantly according to the distance from 
the heart. Consequently small changes only will take place in tlie aorta 
and rather larger changes in the sinus earoticus; therefore one might 
expect that the high pulse rate in the standing position might be due to 
a decreased pressure in the sinus and the low pulse in head-down posi- 
tion be due to an increased pressure in the sinus. The pressure changes 
should be the direct effect of a lifting or lowering of the sinus in relation 
to the heart. The results of our experiments give a strong indication 
against that explanation. As shown by Fig. 3, practically the wliole 
effect of tilting could be obtained simply by changing the amount of 
blood in the central vessels and here the relation between heart and 
sinus is luichanged. Tliis fact also makes it very unlikely that the low 
pulse rate in head-down position should be due to an increased pressure 
in the fourth ventricle of the brain brought about by hydrostatic forces 


in that position. 

The reason for the pulse changes cannot be a primary change ot pres- 
nre in the arteries but must be correlated to the shifting of blood from 
to the central veins. However, a difference in i-enous pressure, as 
Already pointed out, can influence the arterial pressure via the cardiac 
aueau> i ^ .-ejious pressure brings about a lower cardiac 

output. 1 arterial pressure; via tlie pre.sso.sensible 

output It a a 3,5 njael, a.s po.ssible to compen- 

jnechanism t^e_l» jjjg licart and secure an adeciuate cardiac 
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The results of the following experiments ivill show that a close depend- 
ence exists between arterial blood pressure and heart rate and can be 
demonstrated not only on operated animals but also on human beings 
with the regulation of circulation intact. Fig. 8 shows systolic blood 
pressure and pulse rate for three normal subjects in experiments where 
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the pressosensible reflexes are then released and as a part of the com- 
pensatory mechanisms the pulse rate is increased. If the fast blood' 
stream to the anoxemic areas is suddenly stopped, the blood pressure 
goes up and consequently the pulse slows down below normal. In the 
following experiments this procedure was used to test the offeetivene.ss of 
blood pressure regulation in different ])ostures. 

Pig. 9 shows the result of such experiments. Tlie subject was placed 
on the tilting board and after a sufficient period of rest (one hour) the 
cuffs round the thighs ivere inflated and the subject was tilted to tiic 
desired posture. The pressure was then released fifteen minutes later 
and arterial blood pressure and pulse rate were registered during tin- 
next minutes. Fig- 9 shows that the iiressure control is almost jicrfeet 
in -60° {head-doivn position) and very severely affected in r60° (head- 
up), but in all cases the normal pressure was established again veiy soon. 
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In the expei’iment shown in Fig. 10 the period of anoxemia lasted 
twenty minutes, and, when the pressure was released in +60°, the sub- 
ject showed the normal drop in blood pressure and increased heart rate; 
a nomal pressure value was reached in about one minute, after which, 
however, a second drop in pressure took place, the subject almost fainted 
and had to be tilted back to horizontal and even to head-down position 
before the pressure again reached normal values. It is very interesting 
and perhaps a fact of great significance that the second di-op in pres- 
sure was not, as usual, followed by an increased heart rate. 



Fig. 10. — Pulse late and blood pressure after release of pressure on the blood 
.stream with subject in the upright position (+60°). (Pressure on both lower ex- 
tremities for twenty minutes.) (Prom Asmussen et ah: Skandinav. Arch. f. Phvsiol 
Xl: 204-213, 1939.) 


The plethysmographic records showed that the filling up of blood in 
the lower extremities ivas of the same magnitude in eases where the 
effect of tilting was combined with anoxemia m the leg muscles. In the 
latter case the filling up took place much faster; in ten to twenty sec- 
onds the same swelling of the legs had taken place that would take five 
minutes in tlie case of tilting only. 


CONCLUSIONS 

Our e.xperiments indicate that the eireiilation i-ate in quiet standing 
is on tlie lower limit of what is really desirable and that, even if tlie fast 
pulse rate in the standing position in itself is no sign of insnfiieiency, it 
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indicates on the other hand that some extra stress is put onto the pres- 
sure-regulating mechanism.- 

A diminished cardiac output during quiet standhig has to be looked 
upon as a sign of insufficiency, even if the 0„ consumption and tlie 
arterial blood pressure remain normal. The vessels of the lower extrem- 
ities are distended by' h^^drostatic forces; a large amount of blood re- 
mains there and consequently the filling and pressure of the central 
veins get too low to secure an adequate filling of the heart and a nor- 
mal cardiac output. Through an increased heart rate and through eom- 
pensatoiy contractions of the vessels in certain organs (e.g., in the intes- 
tines) a normal arterial blood pressure might be obtained. However, it 
must be remembered that a diminished circulation rate to these organs 
with partly contracted vessels locally may have an unfavorable effect. 
It may be of great importance that circulatory insuffieiene 3 ^ due to a 
peripheral dilation of the vessels or to a loss of blood can be counter- 
acted by an elevation of the lower extremities. The autotransfusion of 
blood that can be made in this way maj'^ be of great significance. In 
eases where a circulatory insufficienej- due to a disproportion between 
the total blood volume and the capacity of tlie vcs.sels is obvious, any 
posture where hydrostatic forces can induce an increased filling of the 
vessels of the lower extremities should be avoided. Even a small de- 
crease in cardiac output maj' mean a rather severe insuffieionc.v of the 
circulation of certain organs. The beneficial effect of tlie reclining posi- 
tion to a great extent may be due to the abundant blood supply to the 
different organs obtainable in that position.'^' 
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The diagnosis of embolism of the left onmr^^ i- 
considered quite definite. It was also thon-dit "'as 

steps tvete take.. coaU „,Jy „„ X^l-lrT'” "'“ 
patient's lung metastases would probably cause deatTlT^'r 
time. The disturbance of the circulation in the le- x,po 
it undoubtedly would lead to gangrene, Possihly\nllTr 
sidering the fact that the patient both clinically and mZt ’ 7 • 

lacked all signs of heart diseases and that large sareonm "n 
had been demonstrated in the lungs, there was” fuzihermore 
sibility of tumor embolism developing, with the consequent residt^" f 
such embolism. Under these conditions it could not be c ■•*7 "*• 7 
correct to start a vasodilator treatment, for instance uith eup7eid*^* 
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especially since the effect of such a treatment is very doubtful when 
the embolus is situated as in this ease. Considering the patient s 
youth and, in spite of the present ailment, her fairly good general 
condition, it was thought well justified to suggest embolectomy with 
a view to sparing her the suffering associated with gangrene and the 
possible development of a tumor in the remaining leg. Furthermore, 
it was impossible, of course, to know how long she might live with her 
lung metastases. 



Pig. 2. — X-ray. taken Nov. 2, 1939. showing pulmonary metastases. 


Embolectomy of the left common femoral artery with removal of secondary post- 
embolic thrombus, and intra-arterial injection of heparin were performed at 11:30 
P.M. (about ten hours after the symptoms appearing). Local anesthesia with 
novocain and adrenaline was used. 

The femoral artery was exposed from Poupart’s ligament some distance down 
the thigh. It was of normal width and pulsated strongly about 2 cm. below the 
ligament. Farther down it was of the same width but felt filled with solid matter 
down to the spot whore the deep femoral artery bninched off. Toward its distal 
end the artery was distinctly thinner (about the width of a pencil). It was not 
collapsed but was bluish, and felt firm when palpated; evidently it was filled with 
a secondary postembolic thrombus. After the ordinary preparations, an incision 
was made above the lower pole of the embolus, the upper part of the secondary 
Uirombus simultaneously beiug exposed. The stream of blood was not strong 
enough to pre.-i3 out the emljolus, and the upper part of the vessel, therefore, was 
drawn tight. The thrombus was seized carefully with a forceps, and, when 
cautiou.'.ly removcil in tlio central direction, a piece, about 7 cm. long, was brought 
out. Tlic embolus itself was then easily massaged out, the peripheral end of the 
artery beiug closed. There appeared meaty, grayish red masses, which did not 
resemble a tbronibus. A spurting stream of blood followed, which was allowed 
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to rinse the wound. Wlieu tlie arterj- had been closed on either side of the incision, 
TOth the aid of soft rubber tubes, tliere occurred strong collateral bleeding from 
arteria profunda which was closed with a third tube. After controlling the stream 
of blood, the artery was sutured. The blood pulsated past the arteriotoray and 
the circulation in the leg and foot improved, the toes remaining white, however. 
After a while the pulsation in the artery ceased and it again felt tilled. The 
suture was undone, and, upon massaging the artery, clots and fragments of the 
embolus appeared, similar to those already removed, a stream of blood then spurt- 
ing out. The suture, which had to be reinforced to make it tight, was renewed. 
This time there were again but temporary pulsations in the artery, but the passage 
was opened down to the deep femoral artery and the upper tube therefore moved 
below that artery. It was decided that a renewed try should be made a little 
farther down and that, when the obstacle in the artery had been removed, eupaverin 
should be injected. This had been done b 3 ' Denk e.vperimentallj' in dogs and in one 
or two cases (according to his last publication, 193S) in man without any detri- 
mental secondaiy effects being observed. When some red thrombi had been removed 




p.j„ 3 Emboli of tumor tissue (n) uiui Dostemboiie thrombus ili). 

hv an incision farther down and a spurting stream of blood had appeared and 
the suture made, two ampoules of euptiveriii (0.00 Cm.) were slowly injected into 
t arterv The patient stated almost immediately that she felt an acute, smarting 
tlio Ic'. The pulsation passed the last suture and the color of the foot 
1 r, 101 %-° thou-di for a short while only, the pulsations below the sutures 
improve s ig > it was presumed that tliere was an oceluding thrombus 

also ceasing ra it - . {„ „„ the proximal siile after each cleansing, 

farther doivii am ^ artcr.v, the impression was created that it 

Upon palpating Another incision was thus made farther down; there 

was 1',^ massaging out fresh eiuts from the central part, a sjiurtiiig 

was no bleeding; a tr ^ still „o bleeding from the (leripheral 

stream of blood apptart , aistaiiee into the peripheral part; 

part. A paraffined T™ Jt „as pulled out the upper end of a blaek- 

it encountered no resis ant , ^ forceps and about 7o cm. pulled 

ted thrombus appeared aud . 
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out (Fig. 3). It felt rather firm and had apparently been in the artery the whole 
time. It was fallowed by fairly heavy bleeding. After renewed massage on 
the central side, the peripheral tube being stopped, new fresh clots appeared fol- 
lowed by a spurting stream of blood. A suture was made, whereupon I ampoule 
of eupaverin (0.03 Gm.) was injected into the artery, also this time followed 
by an acute, smarting pain down the leg. The foot and toes immediately im- 
proved in color and the circulation appeared to have started afresh. Pulsations 
were felt, too, as far in the peripheral direction as could be ascertained with the 
finger. While awaiting developments, the artery was dabbed with sodium citrate, 
but after about ten minutes the circulation was evidently impaired; the foot 
gradually became entirely white, the pulsations ceased, and around the sutures 
the artery was felt to be filled with soft clots. It was thus evident that no satis- 
factory result could be anticipated, because of the decided tendency to thrombosis; 
postembolie thrombosis had occurred throughout practically the whole limb, and 
repeated arteriotomies within a short wliile liad been followed by clotting around 
the sutures, injections of eupaverin into the artery not being sufficient to prevent 
this clotting. Under there conditions it was considered of no avail to make addi- 
tional tries to restore the circulation in the artery unless the blood’s tendency 
to coagulate could be mastered. It was thought tliat heparin offered a solution 
worth testing, and, since after four arteriotomies lasting well over one hour the 
patient’s general condition was practically unchanged and good, it was decided 
that another endeavor should be made. It was presumed that the chances of a 
.satisfactory result would be best if the passage in the artery was first restored 
and heparin immediately injected into the artery on the central side of the sutures. 
The middle suture was severed; clots were massaged out from both sides, followed 
from above by a spurting stream and from below by a profuse stream of blood; 
the opening then was sutured and made completely tight. A .short distance above 
the upper suture there was immediately injected, very slowly, 2 c.c. of a 5 per cent 
solution of heparin (100 mg.*). While the injection was being performed, a 
little blood could lie seen starting to ooze out between tbe sutures in the artery 
and even in tlie holes from the eupaverin injections, which 25reviously had been 
quite dry. A little while after this injection, 1 ampoule of eupaverin was also 
given. The oozing bleeding gradually ceased. The pulse continued, tlie foot liad 
a good color and felt rather warm, and the patiect could move her toes. The 
operation was concluded. 


Subsequent Course. — Aftei- the operation the oscillometer gave small 
registrations across the calf. The leg and foot were subjectively 
and olijcctively warm. The patient had no pains. The general con- 
dition tvas satisfactory. She was given cautious heat treatment along 
the limb; euitiivcriu was administered intravenously during the night, 
1 ampoule every other hour, and during the following days three 
times daily ; herpaian was given intravenou.sly three times daily, 1 c.c. 
(■‘>0 mg.) for 3 days. 

'I'he eireulutioii in the limb remained. The day after the operation 
there were no sulj.iective troubles; the foot felt warm, and sensibility 
aud inotility were satisfactory; the strength of the ankle joint vvas 
diminished, however, especially when bent liackward. The mnselcs of 
thi^lf were linn, indicating an i.schemie injury as a result of the ar- 
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During . the next few weeks the condition was fairly satisfactory, 
in spite of a fever and coughing, Avhich was sometimes aggravated to 
bad attacks with dysimea and cyanosis. On a few such occasions the 
patient brought up rather large solid lumps of tumor tissue, indicating 
a decidedly destructive growth on the part of the lung tumors, but 
there appeared no symptoms of new emboli. The condition of the 
limb remained unchanged and good, the motility even improved a 
little as a result of medicomeehanie treatment. Finally the condition 
grew Avorse fairly rapidly in a few days and the patient died on March 
31, one month after the embolism. 



Fiff. 6. — Heart and lungs from behind. Pulmonary veins occluded by tumor tissue 
(-Y) ; open pulmonary veins, V; arteria pulmonalis, .d-.P. ; atrium sinistrum, A. S'. 

The post mortem^ in the main confirmed the clinical findings and 
I shall discuss only the findings in the femoral artery, lungs, and heart. 
Fig. 5 .shows the femoral artery opened. The passage is free, but at 
the sutures the caliber is slightly constricted and in those places there 
are also some minor thrombotic deposits on the intiraa. The artery 
is surrounded by a rather thick periadventitial cicatricial tissue, a mat- 
ter that has of late attracted a certain amount of attention (Piolle 
llaimovici, and others), and which has been indicated to be the cause 
of circulatory disturbances after successful embolectomies. In this 
ease it apparently had no detrimental effect. The femoral circumflex 
arterie s were filled with masses of thrombi. 

•l'o.t U.orlc-,,, by tlu- r=uhoIoKk-al In.slltute of the Unlveraily of Uppsalu. 
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In rare cases thrombosis in the venous system or in the right anricle 
may have caused embolism of the arteries of the circulatory system, 
so-called paradoxical embolism. The first condition under which this 
occurs is, of course, a communication between the two halves of the 
heart, a foramen ovale apertum, or a defect in the septum ventricu- 
iorum (Louis), A persistant ductus arteriosus botalli is also a theo- 
retical possibility, but this anomaly is so rare that it may be practically 
excluded. In spite of the fact that foramen ovale apertum in post- 
mortem material is so common as to be found in 30 to 35 per cent of all 
cases (Hirschboeck, Koritschoner), transporation of thrombi from the 
right to the left auricle is proliably quite rare ; for, as a rule, foramen 
ovale has the character of a canal imnning obliquely through the sep- 
tum atriorum, preventing a passage that way as its walls are irressed 
together by the pressure in the auricles. Experimentally, Gross dem- 
onstrated that emboli may pass through if the pressure in the right 
auricle is greater than in the left, but not when the pressure conditions 
are the other way round, this depending on the above-mentioned valve 
mechanism. A difference in pressure between the auricles favoi'able 
to paradoxical embolism arises as a result of pulmonary embolism 
(Haggart, "Walker, Parkinson), and this facilitates a fairly reliable 
diagnosis of paradoxical limb emliolisni (Hirschboeck). In 1881 Zahn 
described the first case in which a thrombus was found just in the 
foramen ovale, and subsequently .several such eases have been pub- 
lished; lately, for example, by Hirschboeck, Taylor, and Koritschoner, 
the last having collected twelve cases. In 1929 Key mentioned some 
cases treated by embolectomy in which the embolus was presumed 
to be of a paradoxical type; but, upon a closer study of them, it was 
found that in most of the eases objections could be raised against the 
presumption. On the basis of Hull’s examinations, Key takes up a 
deprecatory attitude toward tlie possii)i]ity of paradoxical embolism, 
l)ut he does not dispute the possibility of its having occurred. Ny- 
strom has publi.shed one case of embolectomy, among others, which 
from all appearances was paradoxical embolism. It would seem as if 
the above-mentioned eases in which a tln'omhus has been discovered 
m the foramen ovale are strong siippuvts for the occurrence of para- 
doxical embolism. The objection has been raised that the thrombi 
may have been formed in the foramen ovale, but the findings pub- 
lished. e.g.. by Koritschoner, and illustrated with photogra]fiis, seem to 
fnrni.sh convincing proof that we are concerned with the passage of an 
embolus. ° 


The piilmonary veins may po.ssibly be anotiier .source of embolism 
m tlie circulatory system, which has also Iieeu considered (Key, Lund) 
However I Iiave found no mention in the literature of anv’ca.se of 
'liagnosed occluding emlmlism in the circulatory system in which that 
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source was established. TJie case described above is thus of interest 
as the embolism undoubtedly emanated from the lungs. 

Type of Embolus. — There is probably no doubt but that emboli re- 
moved by operation as a rule consist of thrombus matter, and it is 
presumably for that reason that they are generally not subjected to 
a microscopic examination. The histologic examination of the embolus 
described above, disclosed it to consist of sarcomatous tissue, on which 
thrombus matter had been deposited. It is in itself not uncommon 
that small fragments of malignant tumors get into tlie blood vessels 
and are transported with the blood, but it is probably a rare occur- 
rence that large pieces, as in this case, are removed and cause a stop- 
page in one of the large arteries of the circulatory system. As far as 
I have been able to ascertain, the literature contains no record of such 
a case having been subjected to embolectomy. The case thus shows 
that it is necessary to count on the possibility of embolic tumoi’S, since 
this possibilitj' should be of great importance wlieii choosing the method 
of treatment. 

The wandering of the sarcoma in this case is interesting. It would 
appear to be certain that the pulmonary tumors were metastases. 
They ivere multiple and displayed good histologic agreement with 
the primary tunior. It is considered typical for sarcomas that they 
spread by way of the blood vessels. The primary tumor in this case 
was localized to caput tibiae and symptoms began to appear in 1935. 


Having spread via the venous system, lung metastases made their aj)- 
pearance, in the beginning of 1939, the disease then spreading to the 
left leg by waj"" of the arterial system. The decidedly destructive 
growth of the pulmonary tumors and a certain brittleness of the 
tumor tissue undoubtedly have greatly facilitated the last-mentioned 


spreading; i.e., the embolism. Thus, tumors grew widely into bronchi 
and into the main branches of the pulmonary veins. The direct cause 
of fragments of intruding tumors, both in the bronchi and in the 
veins, Ling released and partly coughed up. partly flung out into the 
arterial system as emboli, was undoubtedly a coughing attack; for 
then as is well known, the lungs are rapidly and strongly compressed 
nd the pressure increases in bronchi as well as veins and endeavors 
to^^empty them. A plug of a tumor penetrating into the lumen is 

thereasily broken off and flung out. 
r vatmewt— Embolisms in the upper limbs are generally better suited 
-vative treatment with vasodilator agents, such as eupaverin, 
for consei mainly because the collaterals are better preformed 

according 0 possibilities for an arterial supply of blood 

and thris i occluded. Conditions are 

in the limb reference to the lower limbs and the re- 

far more nntavor . garment is very doubtful, this having been 

„.it of a “f X 

demonstrated by a, 



GKOTH: TUMOR EMBOLISM AND EMBOLECTOMY AND HEPARIN 621 

others) . I have discussed this question in another couueetion and re- 
fer to the paper in question. 

A well-foiuided suspicion of a case being one of tunior embolism is 
of importance when determining whether the treatment is to be con- 
servative or operative and considerably increases the misgivings about 
conservative therapy, especially in the case of embolism in the lower 
limbs. A piece of tumor that had been flung out would then be al- 
lowed to remain in the artery, possibly causing the development of a 
tumor in the limb. 

Another matter worthy of special attention in this connection is the 
circulation in the limb in conjunction with embolism. There are 
reasons to presume that the extensive postembolie thrombosis starts 
as a coagulation of a blood column on the distal side of the embolus. 
If the embolus entirely occludes the artery and if, in addition, the 
collaterals are but little developed, the stoppage immediately causes 
a heavy drop in pressure on the distal side of the embolus, which re- 
sults not only in a decrease in the caliber of the vessel, but also in the 
blood in the vessel being retarded, possibly stopped. (A spasm oc- 
curring, it may have a similar effect.) Due to the collaterals being 
different, this condition, which favors coagulation, is undoubtedly 
more decided in the lower limbs than in the upper. Other factors also 
influence the coagulation, special attention having been paid to the 
tendency of the blood itself, the coagulation diffei'ing from case to 
case. Lesions of the intima favor coagulation as the blood comes into 
direct contact with a tissue lacking endothelium. Similarly, it would 
appear probable that foreign tissues in the blood vessels, in this case 
tumor tissue, should favor coagulation. 

There is good reason for assuming that subsequent to coagulation 
there is no flow of blood in the artery, even though the clot may not 
he of the normal caliber of the vessel. O^ving to the drop in pressure 
in the artery after the stoppage, its Avail Avill most probably be pressed 
against the clot. Merely as a result of the stoppage in the artery, 
causing the blood on the distal side of the embolus to be at a standstill 
or to moA^e but slightly, but especially if postembolie thrombosis has 
started by the coagulation of that blood, the prospects of obtaining 
any kind of effect on the arterie.s by intravenous injections of eu- 
paverin are thu.s nonexistent or in any case very small. Tlie mouths 
of the collaterals are stopped and furthermore there is but little pos- 
•sibility for the eupaverin to adAmnce in the arterial system of the ob- 
structed limb. Eupaverin is an agent producing a direct eft'ect on the 
■smooth muscles in the vascular Avail and has no remote effect con- 
veyed by the nerves. Nor has intravenous treatment Avith eupaverin 
heoti established in any Avay to prevent secondary thrombosis (Akes- 
.son) and the same appears to be true Avith reference to local intra- 
arterial injections, for in the case uoav described coagulation started 



626 


SUBGEBsr 


source wis establislied. The case described above is thus of interest 
as the embolism undoubtedly emanated from the lungs. 

Ti/pc of Embolus— There is probably no doubt but that emboli re- 
moved by operation as a I'ule consist of thrombus matter, and it is 
presumably for that reason that they are generally not subjected to 
a microscopic examination. The histologic examination of the embolus 
described above, disclosed it to consist of sarcomatous tissue, on which 
thrombus matter had been deposited. It is in itself not uncommon 
that small fragments of malignant tumors get into the blood vessels 
and are transported with the blood, but it is probably a rare occur- 
rence that large pieces, as in this case, are removed and cause a stop- 
page in one of the large arteries of the circulatory system. As far as 
I have been able to ascertain, the literature contains no record of such 
a case having been subjected to embolectomy. The ease thus shows 
that it is necessary to count on the possibility of embolic tumors, since 
this possibility should be of great importance when choosing the method 
of treatment. 


The wandering of the sarcoma in this case is interesting. It Avould 
appear to be certain that the pulmonary tumors were metastases. 
They were multiple and displayed good histologic agreement with 
the primary tumor. It is considei’ed typical for sarcomas that they 
spread by way of the blood vessels. The primary tumor in this ease 
was localized to caput tibiae and symptoms began to appear in 1935. 


Having spread via the venous system, lung metastases made their aj>- 
pearance, in the beginning of 1939, the disease then spreading to the 
left leg by way of the arterial system. The decidedly destructive 
"rowth of the pulmonary tumors and a certain brittleness of the 
tumor tissue undoubtedly have greatly facilitated the last-mentioned 
spreading; i.e., the embolism. Thus, tumors grew widely into bronchi 
and into the main branches of the pulmonary veins. The direct cause 
of framnents of intruding tumors, both in the bronchi and in the 
veins being released and partly coughed up, partly flung out into the 
arterial system as emboli, was undoubtedly a coughing attack; for 
then as is well known, the lungs are rapidly and strongly compressed 
d the pressure increases in bronchi as well as veins and endeavors 
to empty them. A plug of a tumor penetrating into the lumen is 

tLreasily broken off and flung out. 

T •eatweaf— Embolisms in the upper limbs are generally better suited 
^ treatment with vasodilator agents, such as eupaverin, 

for conse mainly because the collaterals are better preformed 
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The clinical experience of heparinization in these operations is as yet 
very limited. A study of the recent literature, occasioned by the case 
described above, disclosed that heiiarin has been used in a few cases 
of embolectoniy in Toronto and at Orebro in Sweden. Slurray and 
Best in 1938 gave a brief report on five cases, all of which passed off 
favorably. One of these cases was stated to be unfavorable from the 
outset and was not operated upon until after twenty-five hours. 
Judging from the information submitted, - secondary thrombosis did 
not occur. The hemostasis caused no trouble. At the surgical con- 
gress in Berlin in 1939, Lindgren reported on three arterial operations 
in which heparin had been used. Two of his eases were embolec- 
tomies and the results were good. Secondary thrombosis does not 
seem to have occurred. In one of the eases the hemostasis caused 
trouble. In the ease reported by me, the tendency to renewed throm- 
bosis was veiy pronounced and thrombi were reformed after no less 
than four cleansings. Nevertheless, the effect was good after the 
fifth endeavor when heparin was used and there was no renewed co- 
agulation, the circulation being restored. In this case the hemostasis 
caused no difficulties. This case, perhaps more than those mentioned 
above, promises increased possibilities of mastering the secondary 
thrombosis and improving the prognosis after embolectomy. 

A few words may lie added regarding the administration and dosing 
of the heparin and regarding the hemostasis. Incidentally, I must 
state that heparin retards the formation of thrombin but has no effect 
if coagulation has already occurred. This is its favorable effect which 
should be utilized. The dangers caused by the use of heparin in 
arterial operations are postojierative bleeding and greater difficulties 
in achieving hemostasis. This is the unfavorable eft’ect of the agent, 
to be avoided or reduced. By administering the heparin at the right 
moment and in suitable doses, a successful result should be obtained 
with reference to these two respects. 


As regards the right moment for heparinization, it i.s, of course, 
neee.ssary to determine it aeeoi-ding to the conditions in each special 
case. Olovson claimed that heparin fills its most important mission 
l)et’ore the operation, when it is to pj-event postembolic thrombosis, and 
he suggests preoperative injections of 100 to 100 mg. every other 
hour, to be started as soon as possible. In the operation described 
above, it appeared fpiite clear to me (postembolic thrombosis already 
existing) that the best effect of heparin ought to be obtained if the 


artery was first cleaned and closed, a regional injection then beiu"- 
made into tlie artery. Murray and Best as well as Lindgren adopted 
the same proeedui-e. It ivould appear as if Olovson, when making his 
proimsal, did not pay sufiieient attention to the disadvantage of”per- 
un-nnng the operation after heparin had been administered. This is 
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.il't't'sli al'tcr .siicli iiijoclioiis. 


5sf.ling- recently recorded a favorable 


ert'ect of eupaveriii injected into the artery after embolectomy and 
explains this by a condition of spasms immediately having beeji 
teiminaled. Jherc ai)pears to have been no postembolic thrombosis 


in his case. 


Several reasons thus indicate that in cases of recently occluding 
large embolisms in the lower limbs vasodilator treatment should not 
be attempted, e.speeially if there are reasons for suspecting tumor 
embolism. Operative treatment .should be resorted to instead, first of 
all emholcetomy. In the above described ca.se it proved, however, 
that, in spite of the embolus’ being removed together with a post- 
embolic thrombus covering practically the whole length of the limb 
and although intra-arterial injections of eupaverin were administered, 
the circulation did not start, due to a decided tendency to coagulation. 
A favorable result would certainly not have been attained unless an 
anticoagulant, heparin, had been available. 


Heparin Treatment . — Heparin is a phj^siologie anticoagulant which 
is nontoxic in its present pui-e form. There is already a fairly ex- 
tensive literature on its properties and its clinical and experimental 
use to date. In the April, 1939, issue of this Journal Mason published 
a summary and recently Jorpes published a monograph on the sub- 
ject (which appeared in Swedish as %vell as in English). 

As regards our results after embolectomy when the eznbolus was 
difficult to reach (aorta aa. iliaeae), I have previously published a 
paper in which I discussed the well-known fact that secondary throm- 
bosis has an extremelj^ unfavorable effect on the prognosis and hinted 


at the possibility of reducing it by the use of heparin. At that time 
there had been published no clinical experiences of heparinization 
in conjunction with vasosurgieal operations. Pure heparin having 
become available, the experiences have been very favorable, especially 
in cases of postoperative thromboprophjdaxis (Murray and Best, in 
Toronto; Crafoord, in Stockholm), as have been the experiences of 
vascular' operations in animals. In this connection Murray and Best ’s 
experiments (1938) are of major interest. Upon performing experi- 
mental embolectomy in dogs twenty-four to seventy-two hours after 
sterile foreign bodies and pieces of thrombi had been placed in arterial 
bifurcations? postopei'ative thrombosis and negative results were 
ecorded in all the nonheparinizated cases; whereas, general or re- 
l.ep«rinkalion resulted ii. the cimilatio., bein!- restored oflor 
Tory emboleotomy. I., ordor to oseert.in the risks of seeoud.ty 
f Von-rta Olnvson (1938-1939) performed artenotomies, also m 
r t frverf r..U hep.rimsated, ...d tvos all the oosos able 
to arrest the bleeding without any great difficulties when the suture 


had been made. 



GROTH; tumor embolism and EMBOLECTOaiY AND HEPARIxN 629 

The clinical experience of heparinization in these operations is as yet 
very limited. A stndy of the recent literature, occasioned by the case 
described above, disclosed that heparin has been used in a few cases 
of embolectomy in Toronto and at 5rebro in Sweden. Murray and 
Best in 1938 gave a brief report on five cases, all of which passed oft* 
favorably. One of these cases was stated to be unfavorable from the 
outset and was not operated upon until after twenty -five hours. 
Judging from the information submitted, secondary thrombosis did 
not occur. The hemostasis caused no trouble. At the surgical con- 
gress in Berlin in 1939, Lindgren repox-ted on three artei'ial operations 
in which heparin had been used. Two of his cases were embolec- 
tomies and the results were good. Secondaiy thrombosis does not 
seem to have occuined. In one of the cases the hemostasis caused 
trouble. In the ease reported by me, the tendency to renewed throm- 
bosis was vei'y pronounced and thrombi were refoi-med after no less 
than four cleansings. Nevertheless, the effect was good after the 
fifth endeavor when heparin was used and there was no renewed co- 
agulation, the circulation being restored. Ixx this case the hemostasis 
caused no difficulties. This ease, perhaps more than those mentioned 
above, promises increased possibilities of mastering the secondary 
thrombosis and improving the prognosis after embolectomy. 

A few words may be added regax-ding the administration and dosing 
of the heparin and regarding the hemostasis. Incidentally, I must 
state that heparin retards the formation of thrombin but has ixo effect 
if coagulation has already occiuwed. This is its favorable effect which 
should be utilized. The dangers caused by the use of heparin in 
arterial operations are postoperative bleeding and greater difficulties 
in achievixxg hemostasis. This is the unfavorable effect of the agent, 
to be avoided or redxxced. By aduxinistering the heparhx at the right 
moment and in sxiitable doses, a sxxecessfixl result should be obtained 
with reference to these two respects. 

As regards the right momeixt for hepariixizatioix, it is, of course, 
necessary to determine it accordhxg to the conditions ixx each special 
ease. Olovson claimed that heparin fills its most important nxissioix 
before the operation, when it is to prevent postembolie thrombosis, and 
he suggests preoperative injections of 100 to 150 mg. every other 
hour, to be started as soon as possible. In the operation described 
above, it appeared quite clear to me (postembolie thrombosis alreadj" 
existing) that the best effect of heparin ought to be obtained if the 
artery was first cleaned and closed, a regional injection then being 
made into the artery. Murray and Best as well as Lindgren adopted 
the same procedure. It would appear as if Olovson, when making his 
proposal, did jiot jxay sufficient attention to the disadvantage of per- 
lorming the operation aftei- hepaxln had been administered. This is 
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mo 

ilhi.sli'ulecl by one of fo'nclg-ren’s eases. It was an aortic embolism with 
simull ancons omljolisms in the two external iliac arteries, and arteri- 
otomics wore performed in three jilace.s, first in the aorta and then in 
the two femoral arteries. When the aortotomy had been sutured, a 
total of 00 mg', of heirarin was injected in two doses with an ijiterval 
of twenty minutes between injections. The aortotomy was then tight 
and remained so, but the process of arresting the hemorrhage after 
the sutures of the arteriotomies in the femornl arteries, which were 
pei'formed after heparinization, was found to be very troublesome 
and revision Avas subseciuently necessaiy due to bleeding. This ivould 
appeal' to be the onlj’^ case of embolectomy in man hitherto made after 
heparinization. 

It is certainly too early to draw aiy definite conclusions as to the 
best procedure, on tlie basis of the few eases so far published, but the 
e.xperience gained, though it may, of course, partly be the result of 
accidents, would appear to supply certain hints as regards the ad- 
ministration that are worthy of attention. It is, of course, of extreme 
importance, from the vei'y beginning, that this excellent and service- 
able anticoagulant is not brought into disrepute owing to complica- 
tions that possibly may be avoided. Doing a preoperative hepariniza- 
tion, however, we must take risks of considerable disadvantages (diffi- 
culty in hemostasis, afterbleeding). With this fact in mind, we ought 
to consider the obtainable advantages of this administration. In those 
late cases with a large postembolie thrombosis running out in the 
branches of the artery already occurred (Fig. 3), a preoperative 
heparinization is of no use, because the heparin cannot work in the 
blocked artery. It has been demonstrated that in a number of cases 
even a postembolie thrombus of considerable length has been pulled 
out and in my case that re-eoagulation through postoperative heparini- 
zation may be avoided. 

In early eases without or with only a slight postenibolic thrombosis 
heparin may work favorably through collaterals, but, on the other 
hand one or two hours’ delay, before taking the patient to a hospital, 
seems to involve less risk than heparinization before the transport. 
Furthermore, it is not very likely that the general practitioner origi- 

llv in charge of the ease will have heparin available, and procuring 
T vill mean a loss of valuable time. If the patient is in hospital and 
!, been decided that the operation shall be performed, the hepar- 
nization should be put off until the artery is free and the ai-teriotomy 
11 This procedure would seem to me to be the least dangerous 
,yhich to utilize the favorable effect of heparin. 

(losing, based on sufficient clinical experiences, 

General ru es ^ -^vithont saying that the smallest effective 

are as yet lae 100 mg. injected intra-arterially 

dose must be the aim. 
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proved to be quite effective and entailed no complications. This dose 
corresponds to a little more than 1 mg. per kilogram of body weight. 
(The patient was a heavy person with considerable adipositas.) Lind- 
gren recommends a more cautions dosing, 2/3 mg. per kilogram of 
body weight. In one of his cases this dose produced a coagulation 
time of ten minutes, which remained after four hours and which he 
considers sufficient. The dosing during the subsequent course should, 
according to Lindgren, be deteinnined from case to ease, on the basis 
of repeated determinations of the coagulation time. Referring to their 
experimental examinations, Murray and Best consider that the risk 
for thrombosis ceases seventy-two hours after the operation. In my 
case it was found that a supply of 150 mg. per twenty-four hours, 
divided in three doses, ivas quite effective during the three days fol- 
lowing the operation and caused no complications. 

IVith reference, finally, to the difficulties in arresting the bleeding, 
Lindgren recommends a 0.5 per cent thionin solution, which is non- 
toxic. If swabs of cotton wool dampened in this solution afid pressed 
against the bleeding spot do not produce the desired effect, it can be 
covered with a piece of muscle soaked in the solution, which heals and 
produces a reliable hemostasis. Intravenous injections of protamine 
are said completely to counteract the effect of heparin (Jorpes). How- 
ever, the general effect of the heparin, which is desired, is, of course, 
also eliminated, and it is thus lietter if purely local hemostatic arrange- 
ments can be made. 

SUJIJIARY 

An uncommon ea.se of embolectomj^ of tlie common femoral artery 
has been reported. It is remarkable, inter alia, in the following 
respects ; The embolism emanated from a pulmonary vein. The 
embolus consisted mainly of a sarcoma. Together with the embolus 
there was extracted a postembolic thrombus, approximately 80 cm. 
long. Repeated arteriotomies and removals of re-formed clots and 
intra-arterial injections of eupaverin only produced temporary circu- 
lation, which was definitely restored ivhen the artery had been cleaned 
out for the fifth time followed by an intra-arterial injection of heparin, 
riie heparinization entailed no trouble. The source of the embolism 
and the treatment are discussed. Embolism in the lower limbs should 
be .subjected to operative treatment, especially if tumor embolism is 
suspected. The limited clinical experience so far gained of hepariniza- 
tion in cases of embolcctomy ivonld .seem to promise a better prognosis, 
there now being better prospects of mastering secondary thrombosis. 
Cautious heparinization should be performed after each embolcctomy. 
Ihe right moment for lieparinization is wlien the artery has been cleaned 
and tile incision sutured. Preoperative heimriuization should be avoided 
as it entails unneces.sary risks of complications. 



632 


SUHGERY 


KEFEKENOES 


Akensoii, N,; Eiii licitiiig /.nr Sehundhtng dor Artorieneniholien, Acta chir, 
Scuiuliiiiiv. 79: 57(i, .1937. 

Bull, P, : What Can More Thau 0,000 Post-AIortein ExajjilHation.s Teach Us About 
Emboli ami Emboligangrene of the Extremities, Acta chir. Scandinav. 54: 
31u, 1923. 

Crafoord, Cl.: Preliujiu/uy Pegorfc on Post-OperativG Treatment With Heparin as 
a Preventive of Thromboaia, Acta ehir. .Scandinav. 79: 407, 1937, 

Crafoord, Cl.: Om poato|)orativ hepariubclmndling. JMord. med. 2: 1040, 1939. 
Denk, W.: Ziir Bchandlung dor Einbolie, Wien. klin. Wchnschr. 51: 321, 1938. 
Gro.ss, P. ; The Patency of the So-Called “Anatomically Open but Punctionally 
Closed’' Poramen Ovale, Am. Heart J. 10: 101, 1934, 

Groth, K.-E.: “Jljdlkning’’ eller intr-a-arteriella ingrepp vid perifera embolier, 
Nord. mod. tidskr. 16: 1525, 193S. 

Groth, Iv.-E. : Kollatoraiernas betydelsc vid embolcctomi, etc., Nord. med. tidskr. 16: 
1700, 193S. 

Groth, K.-E.: “Alelkimg” odor inraarterielle Eingriffc boi Embolien des grossen 
Kreislauf.s mit Schivor aiiganglicher Lokalisation, Chirurg. 11: 73, 1939. 
Groth, K.-E. : Einige Fiille von rezidivicrendcr Arterieiienibolie in den Extremitiiten, 
Arch. f. klin. Chir. 194; 413, 1939. 

Haggart, G. E., and Walker, A. JI.: The Physiology- of Pulmonary Embolism ns 
Disclosed by Quantitative Occlusion of the pulmonary Artery, Arch. Surg. 6: 
76-1, 1923. 

Haimovici, H. ; Des embolics arterielles, Paris, 1937, Masson & Cie. 

Hirsehbocck, F. J.: Parado.xical Embolism, Am. J. AD Sc. 189; 236, 1935. 

Jorpes, B.: Heparin, Hygiea 100; 255, 193S. 

Jorpes, E.: Heparin, O.xford, 1939, Oxford University Press. 

Key, E.: Die Erabolieoperntionen auf Grand der bisherigea Erfahrungen, Ergebn. 
d. Chir. u. Ortliop. 22: 1, 1929. 

Key, E.: Embolectomy of the Vessels of the Extremities, Brit. J. Surg. 24: 350, 
1930. 


Koritsehoner, R. : Paradoxical Embolism, J. A. AX. A. 106: 1209, 1936. 

Lindgren, 8.; Nfigra kiirlkirui-giska ingrepp med utnyttjande av heparineffekten, 
Nord. med. 2; 1785, 1939. 

Lindgren S.; Bmbolektomie aus der Aorta abdominalis unter Ausnutzung des 
Hepariiietfektes gliicklic dnrehgefulirt. Arch. f. klin. Chir. 196: 178, 1939. 
Louis: Quoted by Hirschboeck. 

Lund C. C. ; The Treatment of Embolism of the Greater Arteries, Ann. Surg. 106; 
' 880,1937. 

td-ison AI. F.: Heparin: A Review of Its History, Chemistry, Physiology and 
Clinical Application.^, SvnoEBy 5: 618, 1939. 

AXurray, G. D. W., and Best, C. H. : The U.se of Heparin in Thrombosis, Ann. Surg. 

' 108: 163, 1938. 

Nvstrom G.; Ziir Prognose uiid Methodik der Embolectomie, Acta chir. Scandinav. 
^ 60- 229 1926. 

Nystrom, G.: Lectures on Embolism, etc., Baltimore, 1936, WiUiams and Wilkins 
Nystrora'"G.'':”^63 Tagung der Deutsclicn Gesellsehaft fiir Cliirurgie, Arch. f. klin. 
ro . -^^ftber^'die^Anwendung von Heparin bei Arterienembolie, Acta ehir. 

- fV ^K^^-'^^lSra-arter/eU eupaverininjektion vid embolektomi, Nord. med. 2; 1784, 
1939 

, ■ T . Oitnted bv Hirschboeck. 

Parkinson, L- 4 Embolektomio der Extremit'dtenarterien, Veatnehe Ztschr. f. 
Petitpicrre, AD: 

T. lor^j's • °Parado-xienl Embolism, Bull. Ayer Clin. Lab., Pennsylvania Hosp. 3; 

^V^.^^Svensk JCirurgisk Forening, Nord. mod. tidskr. 13: 840, 1937. 

AV iber^x • 



ANEURYSM OP THE SPLENIC ARTERY 
Louis Sperling, M.D.. Minneapolis, Minn. 

(From the Departmmt of Surgery, University of Minnesota) 

A NEURYSil of the splenic artery is rarely diagnosed during life. 

■ Sehroeder recorded twenty cases in 32,768 post-mortem examina- 
tions (once in approximately 1,500 autopsies). In statistics of 41,437 
autopsies summarized by Lindboe, thei’e ivere 554 abdominal aneurysms, 
of Avhieli only 26 (0.05 per cent) were located in the splenic arter 3 ^. 
Anderson and Graj" collected fift 5 ’^-eight cases in 1929 and presented a 
review of the sj’'mptomatolog 3 ' and literature. More reeentl 3 '^ Guy and 
also Seids and Hauser have reviewed the literature and added cases 
of their own. There are on reeoi’d onl 3 '’ eleven eases in Avhich the pa- 
tients have survived operation for this condition. Less than one hundred 
cases have been recorded since tlie report of Crisp in 1847. 

In the Department of Patholog 3 '’ of the University of Minnesota, there 
are records of 33,810 autopsies to Januaiy, 1939. In this series, there 
were 393 aneurysms, sevent 3 ' of which were located in the abdomen. 
Forty-eight involved the abdominal aorta; of these, twenty-six were rup- 
tured. There were nine aneuiysms of the iliac vessels, seven of the 
splenic artery, two each of the celiac and renal arteries, and one each 
involving the hepatic and superior mesenteric arteries. Six of the seven 
aneurysms involving the splenic artery were incidental findings at 
autops 3 "; and one liad ruptured to cause death. All were described as 
arteriosclerotic in origin. Syphilis was not noted as an etiological fac- 
tor in ani'' of these cases. 

Surgical removal of aneiuysm of the splenic artei\v has been reported 
by Winekler, Mulle 3 % Davis, Goulliod, Brockman, Lower and Farrell, 
Lindboe, and Parsons. According to Winekler, Selten was the first to 
operate upon one successfull 3 L Mai'shall obtained a cure b 3 ^ proximal 
and distal ligation of the aneurysmal sac. Seids and Hauser (1940) re- 
ported another cure by ligation. 

A correct preoperative diagnosis has been made in only three cases up 
to the pre.sent time. Hogler made the diagnosis on the basis of (1) left 
uplier (piadrant pain, (2) a s 3 'stolie bruit over a palpable tumor mass, 
ami (3) a pulsating filling defect in the greater curvature of the stomach. 
Lindboe made the correet preoperative diagnosis b 3 " means of the roent- 
genogram. He states that aneurysm of the splenic artery can be recog- 
nized by roentgen ray only when it is calcified. Seids and Hauser’s case 
presented a palpable mass, a bruit, and, roentgenographicalh*, a calcified 
area 9 c in. in diameter and medial to the spleen. 

Hcoi'hvd for imbliciition. Jonuory Z3, 1910. 
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C.iSE KEPOKT 

Mrs P W., .1 iHarricd wMte female, 39 years old, Univer.sity llospit.al No. 661247, 
was admittea on Aug. 13, 1937, and discharged on Oct. 22, 1937. 

‘ History.— The patient had had eliolecysteetomy, appendectomy, and Imnior- 

rhoidectoniy in 1932, and a right nephrectomy in 19o3 for pyelonophriti.s and stone. 
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Since 1934 there iiad been repeated attacks of left pyelouepliritis. Artificial meno- 
pause in 1935 followed radiation for menorrhagia. 

Vresent History.— Since May, 1937, the patient had experienced recurrent attacks 
of severe colicky pain in the region of the upper end of the scar of the old 
cholecystectomy. This pain radiated to the right scapula. There had been anorexia 
and vomiting and alternating constipation and diarrhea. She had lost 40 pounds. 

Examination revealed a blood pressure of 140/94. There was moderate tenderness 
over the upper end of tlie scar of tlie cholecystectomy and in tlie left flank. No 
masses were palpable in the abdomen, nor was a bruit to be heard. Eectal and 
proctoscopic examinations were negative. There was a scanty purulent bloody vaginal 
discharge. The uterus was situated anteriorly, freely movable, and slightly smaller 
than normal. There were no adnexal masses. 



Flff. IR.— HocntgenoBram of the left upper quadrant of the abdomen after operation • 
tlie shadow is no longer present, ’ 


Ihe ciithctcrized urine cont.ained a heavy cloud of albumin and a few granular 
casts and was .sterile. Tl,e hemoglobin was 9S per cent, and the white blood count 
■nil (1 erential were normal. The AVassennann reaction wa.s negative. The stools 
cohtaiiied neither occult blood nor para.sitc.s; the icterus index was 11 Gastric 
analysts showed no free acid. Material aspirated from the duodenum following the 
.nlmm.strat.on of magne.sium sulfate did not reveal any cholesterol crystals “'The 
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piioiiolaulphoiieplitliuloin O-Viirotiou wiis 4(5 per cent in two Iioursj tiie yedinientiition 
rate was normnl. Sltin tests for echinococcosis were negative. 

There wa.s some disturbunco of glucose toiernnee as evidenced by the following 
blood sugar value.s after a test meal: at thirty minutes, 124 mg.; at one hour, 204 
mg. ; at two hours, Kiu mg. 

Hoentgenologic study of the ga.strointestinal tract was entirely negative. There 
was a dense .shadow just to the left of the spine at the level of the twelfth dorsal 
vertebra. The e.\aet nature of thi.s density was not determined by the roentgenologist, 
who suggested the possibility of a calcified cyst (eciiinococous) in tlie left lobe of 
the liver or an atypical calculus in the tail of the pancreas. The den.se shadow wa.s 
found to bo behind the stomacli and above the left adrenal and kidney. Excretory 
urograui.s revealed ;i normal left renal pelvi.s, ureter, and bladder. 



2.-Gross specimen of the 

f the disturbance of the glucose tolerance and the loc.atioa of the 
Because o ^ calcified pancreatic cyst was sugge.sted by the meilical 

calcification, i consultant thought that tlie pain was unrelated to the 

consultant. > gggjppity of a calcified aneurysm of the splenic artery was sug- 
urinary tract. w the basis of the roentgenologic finding.^, 

gested by Dr. 0- • ; rePeved by the adniini.stration of nitroglycerin and tem- 

The pain was e the abdominal wall with procain. The patient V 

porarily relieved by continued vomiting, and on Sept. 2.1, ]9:i7, the 

condition grew ^'^orse > ^Vangenstcen. 

abdomen was explored bj Di- 



sperung: aneurysm of splenic artery 
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Operative Findings . — "When the abdomen, was opened, there were dense adhesions 
from tile omentum to tlie entire right abdominal wall anteriorly and laterally. The 
common duct was retracted somewhat medially, but ivas normal in size and con- 
sistency. The ovaries were pea-sized on both sides. The pelvis was otherwise nega- 
tive. There was a large pulsating mass in the hilum of the spleen. ’ ’ 

Operative Procedure . — "When the stomach had been separated from the upper 
pole of the spleen, a large dense mass was found intimately related to the splenic 
artery and medial surface of the spleen. The gastrosplenic omentum and the 
lienorenal and vascular ligaments were divided, and the spleen was delivered into 
the wound. It was evident that the hard mass was part of the splenic artery. The 
latter was clamped proximal to the mass, which was then removed with the spleen. 
The patient stood the operative procedure nicely.” 



Pig. 3. — Roentgenogram of tlic excised specimen. 


I athologic Jlcport . — "The spleen itself is appro.vimately normal in size. The 
splenic artery has been cut about 4 cm. from its bifurcation, at which there is an 
aneury.’^m measuring 2 cm. in diameter. The aneurysm projects from the surface of 
the artery as the closed end of a U, and its walls are thin, slightly lobulated on the 
internal surface, and heavily iuliltrated with calcareous material. On one of the 
brunehc.s of the splenic artery beyond the bifurcation there is a similar but smaller 
aneurysm measuring about 5 mm. in diameter and about 1 cm. in length. The 
•ineurysm was not dissected but was pre.-erved for a museum specimen.” 
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Conclusion . — ^Vrteriosclerotic aneurysm of the splenic artery. 

The patient liuil un uiioveutful convalcseenco from !\ev operation and was dis- 
charged from the liospital on Oct. 22, 1937. In Augu.st, 1938, tlie patient had no 
complaints. 

SUJIJtAKl' 

A calcified aneufysm of the splenic avtei-y is reported. The classical 
roentgenologic picture described by Lindboe was present and led to a 
correct preoperative diagnosis. The aneurysm was excised, together 
with the spleen, and the patient made an uneventful recovery. This is 
the twelfth recorded iustanec in which tiie patient recovered from opera- 
tion for aneurysm of the splenic artery. Seven additional eases recorded 
in the autopsy material (33,810 autopsies) of the Department of Pathol- 
ogy of the University of Minnesota are added to those previously re- 
ported in the literature. 
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CAVEENOUS HEilANGIOMA OP THE SPLEEN 

Frank L. Cole, M.D.,* and James H. Forsee, M.D.,t 
Washington, D. C. 

(From the Surgical Sarvicef Walter Feed General Hospital) 

C AVEENOUS hemangioma of the spleen is an uncommon disease. The 
rupture of a caveimous heinangiomatous spleen successfully treated 
by emergency splenectomy has not been reported previously as far as we 
have been able to ascertain. In 1938, Akcakoyunlu reported a collected 
sei'ies, including one of his oivn, of twenty-one cases of benign hemangi- 
oma of the spleen, and in only one ivas there an emergency due to rup- 
ture of the spleen.^ In 1933, Haines and Mcllroy reported the single 
ease of spontaneous rupture of the spleen.® Their patient was a white 
married woman 43 years of age, who, twenty-four hours prior to hospital 
admission and unassociated with trauma, was seized Avith extremely 
severe pain in the epigastrium. Nausea and vomiting soon folloived. 
The pain ivas localized chiefly in the epigastrium, but Avas present to a 
moderate degree in the right loAver quadrant. Physical examination dis- 
closed the patient to be semieomatose and gasping for air, “the entire 
abdomen Avas tender, exquisitely tender in the epigastrium and moder- 
ately tender in both upper quadrants.”® A tentative diagnosis of an 
acute perforation of a gastric ulcer Avas made and immediate operation 
was pei’formed. The peritoneal cavity contained a large quantity of 
bright red blood ; the spleen Avas surrounded by fresh adhesions, and the 
organ Avas removed. Near the upper pole of the spleen a collection of 
cystlike spaces containing blood Avas present, and the largest of these had 
ruptured. Death occurred forty-eight hours after the operation. In the 
case to be reported, splenectomy Avas performed seventeen hours after 
the onset of sjnnptoms. 

Hemangioma of the spleen is a primary vascular tumor and may be 
either capillary or cavernous. In the former there is a formation of 
dilated vascular channels in the splenic tissue Avhieh gradually become 
converted into tubules. In the cavernous type the capillaiy system is 
lo.st, and the hemangioma consists of a series of freely intercommunicat- 
ing spaces of varied sizes, lined Avith endothelium. Ordinarily, they are 
considered congenital. The published ease reports are confusing in that 
several are described as malignant neoplasms metastasizing to adjoining 
organs’, especially the liver. This is true in the cases reported by Lang- 
hans ( 1879),^ Homans (ISO?),-* Theilc (1904),= Wright (192S),“ and 
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Dowd (1915).' In 1895, Hodge slated, “Apparently all gradations oc- 
cur from single localized or widely diffuse telangiectatic changes to more 
or less encapsulated angioinatoii.s nodules, and finally to highly malig- 
nant tumors with metastasis.”* Abrams recentlj^ has reported a most 
interesting case of a ' ' histologicallj’^ benign metastasizing hemangioma 
involving spleen, liver, Icidneys, pancreas, adrenals, intima of the pul- 
monary artery, the right lung, and the mesenteric, peripanereatie, pre- 
aortie, and mediastinal lymph nodes.”® Matas described the behavior of 
angiomas of the spleen as charaetei’istie of that of a benign neoplasm.’® 

The benign hemangiomatous spleen nuij' reach an enonnous size. 
Akcakoyunlu reported a ease treated by splenectomy, with recovery, in 
wliich the spleen weighed 7,240 Gm.’ Zeno and Oid report recovery fol- 
lowing splenectomy of an angiomatous spleen weighing 5,800 Gm.” 
Steden reported a similar case in which the spleen weighed 4,812 Gm.’= 
Ordinarily, the involved spleen i.s much smaller. The reported eases 
demonstrate that there is great variance in age, the youngest patient 
being 4 months and the oldest, 65 years. Usually the symptoms are of 
several months’ or years' duration and are characterized by a gradually 
increasing tumefaction in the left hypochondrium, associated with pain, 
loss of weight, and anemia. Thus, ample time is available for a thorough 
clinical study prior to operation. Snrgery is the only einvative therapy, 
and splenectomy is necessary. 

The reported eases of benign hemangioma of the spleen are tabulated 
in Table I. A total of twenty-two eases has been reported previously. 
We wish to add a ease report to this list. Schottenfeld and Wolfson 
state that the records of the Jewish Hos])ital, Brooklyn, show that four 
additional cases of small splenic hemangiomas were discovered at nec- 
ropsy which had not given symptoms during life, but data on these 
cases are not furnished.’* 


CASE REPORT 


An. army officer, -vvlute, aged 27 years, was admitted to the Waiter Seed General 
Hospital on May 1, 1939, complaining of the sudden onset of moderate intermittent 
cramplike pain in the upper abdomen thirteen hours prior to admission. Within one 
hour after the onset he drove his automobile twenty-two miles, but the trip was 
temporarily interrupted because of vomiting and increased pain. He slept inter- 
•ttently from I'.OO to 5:30 a.ji., and by that time t!ie pain was violent, although it 
"^'mained cramplike in character, being increased by deep respirations and on turn- 


ing from across the upper abdomen, but it involved the entire abdomen, 

localize history included an acute attack of .severe pain in the left upper 

Previous si^, 1938, which subsided rapidly without clinical investi- 

abdomen an ‘ Uie patient was thrown from a horse and suffered sligiit 

gaUon. On i and beneath the corresponding lower ribs. He was 

pain in the let following d.ay and continued his work uninterruptedly, 

able to ride loise patient was rational, lying quietly in bed, and in 

was 98° F.; pulse, 80; respiration, ‘20; and blood 


side. There was no further vomiting. The pain continued and wa 


ixaniinatioa, the pn 


On physical 

apparent pain. abdomen was distended slightly and was moderately tender 

pressure, l-iO/S®- i '« 
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tlirougliout, but -vvitU most murkod temlorness in the right lower quudviuit. The hlooil 
pietiiro was as Tollows: orythrocytos, 4,400,01)0; hemoglobin, SO per eent; leucocytes, 
15,200, and polymorphoneutrophiles, S4 per cent; coagulation time, 2i^ minutes, ami 
bleodiiig time, 2% minutes. The urine analy.sis was negative. A tentative diagnosis 
of acute apjjeudicitis was made, and immediate operation wiis performed. The 
peritoneum was opened through a McBurney'’s incision, and blood welled into the 
wound. Appendectomy was performed although the organ appeared normal. The 



qection o£ spleen showing the cavernous hemangioma. Acllierent clot was 

„,T the surface of the angioma space on tlie concave surface. There is a 
preseni uvei t conve.v surface about midway from bottom to 

[o“Sf the mustratiin. (U. S. Ar.ny -Medical Museum, Meg. No. 6S675.) 



■ ^ .^-ni-rnnh Of section through several of tlie angioma 

.„„.uower pbetonnerobrap retracted blood clot in the lumlna. 

tliiclc fibrous ‘,‘5 “"enter. (U. S. ^Vrmy Medical Museum. Neg. No. 
^'’o"t“hem"|e into tissues 
68763.) 
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McBuniey’s incision was closed, and a 15 cm. midline upper abdominal incision was 
made. A large quantity of free blood was evacuated from the peritoneal cavity , 
and the liver, stomach, and duodenum wei'e found to be normal. On palpation, the 
spleen was found to have an area at its lower pole which had ruptured, and 
splenectomy was performed. .The postoperative course was uneventful, and the 
patient left the hospital twenty-three days after operation. Seven months later he 
was in perfect health. 

Pathologic Seport.* G?'oss Findings . — The specimen (Kg. 1) is a spleen weigh- 
ing 225 gm., preserved in formalin solution. The lower pole, about one-third of the 
spleen structure, is composed of multiple more or less spherical nodules, from 0.5 to 

3.0 cm. in diameter, filled with dark, formalin-fixed blood. There is a lacerated wound 

1.0 cm. long and 0.4 cm. wide on the external surface, about 3 em. from the margin. 
There is no reaction about this wound. On the inner surface of the lower pole there 
is an open lacerated area, 3 cm. in length by about 1.5 cm, in diameter, covered witli 
an adherent dark clot. The rest of tlie splenic tissue appears essentially normal. 

Microexamination . — -Sections from tlie main splenic tissue are essentially normal 
(Kg. 2). Sections from the lobulated areas show them to be composed of dense 
fibrous walls lined in occasional areas wdth endothelium. Most of the lobules, how- 
ever, sliow fairly recent clot beginning to undergo organization by fibroblastic pro- 
liferation from the wall. 

The diagnosis was cavernous hemangioma of the spleen with rupture of part of 
the tumor. 

SUMMARY 

A case of niptuved cavernous hemangioma of the spleen, mistalienly 
diagnosed as acute appendicitis, which was successfulljr treated by 
splenectomy is recorded. No similar case report in which the patient 
recovered has been found in the literature. The recorded cases of 
benign hemangioma of the spleen have been tabulated and brought up to 
date, the list containing twenty-three cases. 
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FURTHER STUDIES OF HEiMORRHAGE AND SERUM 

INFUSION 

F . Neuwelt, M.D., S. 0. Levinson, M.D., Wjleiam Olson, and 
II. Necheles, M.D., Ph.D., Chicago, III. 

(From the Department of Gastro-Intestinal Fesearch and the Samuel Deutsch Serum 
Center of Michael Eeese Hospital) 


TN A previous paper^ we demonstrated that severe shocli from hemor- 
* rhage recpiires prompt restoration of circulating fluid volume and that 
immediate restitution of red blood cells is of onl}^ seeondaiy importance 
in most cases. We were able to demonstrate that serum is a good sub- 
stitute for whole blood and pointed out that it has certain advantages 
which make it more useful and practical than blood. Sterile pooled 
serum can be kept ready for immediate use for long periods of time- 
and may be infused in large amounts without preliminary typing or 
compatibility tests. 

In the experiments reported in our previous paper we transfused 
dogs following hemorrhage with amounts of blood, serum, saline or 
glucose solution equal to the total amount of blood lost by bleeding. For 
very practical reasons we were interested in finding out experimentally 
whether infusion with amounts of serum smaller than the volume of 
blood lost in hemorrhage would give satisfactoiy results in combatting 
shock and how such infusions of serum would compare with infusions of 
whole blood. Johnson and Blalock* showed that in dogs the removal 
of whole blood is tolerated better than the loss either of blood plasma 
or of red cells. 


Experimental Procedure. — This has been desci’ibed in detail previ- 
ously* and is onl}’’ briefly recapitulated here. Under light ether anes- 
thesia the right carotid artery and jugmlar vein were isolated and can- 
nulated aseptieally. Three hours were permitted to elapse to allow the 
animal to recover from the effects of anesthesia. Blood pressure, pulse, 
respiration and temperature, red blood cell count, hemoglobin, hemato- 
crit blood COo, 0„, N.P.N., plasma proteins and chlorides were deter- 
mined before every bleeding. Certain of the above determinations were 
ted at more frequent intervals. Blood pressure was measured 
'^fith a tycos anaeroid gauge connected to the carotid arteiy. The ani- 
mals were infused through the jugular vein at a uniform rate of 20 c.c. 

inute with their own citrated blood removed at the preceding 
per serum of other dogs. Compatibility tests were done 

nnfv compatible serum used.* At the termination of eaeli experi- 
ana om.> removed, the wounds dressed, and the animal 

ment, the camnu^ 

returned to its cage. 
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Bleeding was performed at a uniform rate of 25 e.c. per minute. 
Thirty per cent of the calculated circulating blood volume* was removed 
and thirty minutes later blood or serum was administered. One-half 
hour later the next bleeding took place. This procedure was repeated 
until the animal had been bled of 80 per cent of the calculated circulat- 
ing blood volume in successive stages of 30, 20, 20, and 10 per cent. In 
those dogs reinfused with serum the actual cell volume removed was 
only 66.6 per cent, due to progressive dilution of the blood by the serum 
infusions. The amount of blood or serum reinfused was equivalent only 
to the plasma volume removed at the preceding bleeding; thus the 
decrease in volume from loss of the cellular elements was not restored. 
Furthermore, there was no restitution of the blood removed for chem- 
ical determinations, etc., totaling 125 to 175 c.c. in each experiment. 

Results . — Sixteen experiments were peiTonned, eight dogs receiving 
their own citrated whole blood and eight others receiving dog serum. 
The results are summarized in Table I. 

table I 
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EXPERI- 
MENTS 

SURVI- 

VAL 

average 

BLOOD PRESSURE 

AVERAGE BLOOD CHEMICAL 
DETERMINATIONS 

REMARKS 

INITIAL 

FINAL 

INITIAL 

PINAL 


CL. 



Serum-in- 

8 

6 

153 

111 

37.3 

606 

29 

6.2 

As judged by 

fused 



— 

— 

— 

■ 

— 

— 

clinical con- 

dogs 



99 

71 

36.1 

623 

29 

5.9 

dition, the 










s u r V i V - 

Whole 

1 ® 


149 

102 

36.1 

654 

28 

5.8 

i n g” serum- 

blood- 



— 

— 


— 

1 

— 

infused dogs 

infused 



9G 

75 

32.4 

662 

29 

4.9 

ivere in some- 

dogs 





1 




what better 










physical 








1 


status than 










the surviving 










whole blood- 










infused dogs 


Dogs reinfused noth blood received an average of 60 per cent of the 
total blood removed (54 to 74 per cent). Dogs reinfused with serum 
received an average of 68 per cent of the volume of blood removed by 
hemorrhage (64 to 71 per cent). The latter group! received more fluid 
m reinfusions than did the former because in tlie successive bleedings 
and reinfusions with serum tlie proiiortion of serum to corpuscular ele- 
ments increased. 

One blood dog and two serum dogs died during tlie course of the ex- 
periments. This contrasts unfavorably with results reported in our 
first pa per in which complete volume restoration was done and in which 


11 values for blood volume of does which van- from t r 

wolfedu as rcpresentlUK^UmcncmltinB^lood vSue o^ 

3 erum”doBs“rosyai'i;’eiif‘'''‘^^ <loslsi.atcd as blood dogs or 
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IN A previous paper^ we demonstrated that sev^ei'e shock fz’om hemor- 

I'liage requii'cs prompt restoration of circulating fluid voliune and that 
immediate restitution of red blood cells is of only secondary importance 
in most cases. We were able to demonstrate that sei'um is a good sub- 
stitute for Avhole blood and pointed out tliat it has certain advantages 
which make it more useful and practical tlian blood. Sterile pooled 
serum can be kept ready for immediate use for long periods of time= 
and may be infused in large amounts without preliminaiy typing or 
compatibility tests. 

In the experiments reported in our previous paper we transfused 
dogs following liemoz'rhage with amounts of blood, serum, saline or 
glucose solution equal to the total amount of blood lost by bleeding. For 
very practical reasozis we wei’e interested in finding ozzt experimentally 
whether infusion with amounts of serum smaller than the volume of 
blood lost in henzorrhage would give satisfactory results in combatting 
shock and bow such infusions of serum would compare zvith infusions of 
whole blood. Johnson and Blalock^ showed that in dogs the removal 
of whole blood is tolerated better than the loss either of blood plasma 
or of red cells. 


Experimental Procedure. — This has been described in detail previ- 
ously^ and is only briefly z-eeapitulated hei-e. Under light ether anes- 
thesia the right eaz’otid artery and jugular vein were isolated and ean- 
nizlated aseptieally. Three hours were permitted to elapse to allow the 
aniinal to recover from the effects of anesthesia. Blood pressure, pulse, 
respiration aud temperature, red blood cell count, bemoglobin, hemato- 
crit blood COo, Oo, N.P.N., plasma proteins and chlorides were deter- 
mined before every bleeding. Certain of the above determinations were 
ited at more frequent intezwals. Blood pressure was measured 
wUh a tycos anaeroid gauge eonncetod to tlie carotid az-tei-y. The ani- 
nls were infused through the jugular vein at a unifoi'm rate of 20 c.c. 

' te with their own eitrated blood removed at the preceding 
per of other dogs. Compatibility tests were done 

comuatible serum used.^ At the termination of eacli experi- 
rtlie canmflae were removed, the wounds dressed, and the animal 

returned to its cage. 
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and protein values than the animals presented in this paper. We must 
attribute part of the drop of blood pressure m all the experiments to 
the long duration of these experiments. The dogs in our previous ex- 
periments were in better physical condition at the end of the experi- 
ment than those presented in the present paper. 


Table n 
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, AVERAGE BLOOD GHESUCAL 


NO. OF 
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SUMMARY AND CONCLUSIONS 

Successive hemorrhages in dogs and only partial restoration with 
serum or blood does not permit survival of all animals, while reiiifusion 
with amounts of serum or blood equal to the total volume of blood lost 
preserved the life of the animal in each instance. Our experiments 
show that serum and blood are of nearly equal value when transfusing 
amounts smaller than those lost in graded massive hemorrhages. In 
shock from massive hemorrhage maximal rather than minimal amounts 
of serum or blood should be administei’ed. 
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sll animals siirv’ivofT Rnfu 

in blood pressure during tho cmu^e” 0^11^'^" comparable falls 

blood pressure readings one-iialf bour nPf “^c^’ncnts, and the final 
closed that the serum group had a^ o ^ 

The cl,e,„ie., dclo,„p„ati„,, , jff 

serve and a decrease in the plasma Brote;,^ T 
latter decrease eannot be due to d’ilutin.. ^ 

contoW sotatiou was oLpW^t" Slf f •>»'•■■■«« » cop- 

fact explained above that the bine 7 7 

than did the sen.m d“ ^ «i„taion 

The pulse rate u'as increased in both .^rouvs of i 
higher in the serum dogs than in the blood Igs 

DISCUSSION 

Our data show that reinfusion ivith amounts of hlnnri 
smaller than that lost hy hemon-ha-te did no “el 
Dials while in previous work remfusion with amounts of blood or serum 
equal to that lost kept all animals alive. There ore 
rapid methods of determining the amount of blood lost in maSle com 
tmuous or repeated hemorrhage in human beings. Since incomnlete 
restoration of volume by either blood or serum is not as effeetive ofas 
1 csaving as complete restoration, it would seem advisable that maximal 
rather than minimal quantities of serum or blood sliould be adminis- 
tered. We must take into consideration the arguments against infusion 
in conditions like bleeding ulcer where infusion which sustains the blood 
pressure may also counteract spontaneous cessation of hemorrhage. It 
is not our purpose here to enter into a discussion of the pros and cons 
of infusion in such circumstances, but it should be pointed out that if 
the hemorrhage has been excessive, a fatal outcome from shock is nrob 
able and it must be combatted by transfusion to maintain an adeouate 
circulating blood volume. Furthermore, our results indicate that serum 
infusion seems to be as beneficial as whole blood even if there is only 
partial replacement of volume following graded massive hemorrha-e 
The anemia produced in the serum dogs as noted previously caused no 
distress and the animals showed no evidence of anoxia or acidosis The 
general physical condition of the serum dogs surviving the experiments 
seemed slightly better tlian that of the blood dogs, possibly due to the 
fact that they had received a somewhat larger amount of fluid 
Table II, presented for contrast, shows the results obtained in our 
previous work^ in which amounts of blood or serum equal to the total 
volume of blood (plasma plus cells) lost in hemorrhage were reinfused. 

These animals had a higher final blood pressure and slightly better CO, 
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and protein values than the animals presented in this paper. We must 
attribute part of the drop of blood pressure in all the experiments to 
the long duration of these experiments. The dogs in our previous ex- 
periments were in better physical condition at the end of the experi- 
ment than those presented in the present paper. 
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SUMMARY AND CONCLUSIONS 

Successive hemorrhages in dogs and only partial restoration with 
serum or blood does not permit survival of all animals, while reinfusion 
with amounts of serum or blood equal to the total volume of blood lost 
preserved the life of the animal in each instance. Our experiments 
show that serum and lilood are of nearly equal value when transfusing 
amounts smaller than those lost in graded massive hemorrhages. In 
shock from massive hemorrhage maximal rather than minimal amounts 
of serum or blood should be administered. 
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case of empyema with diaphragmatic perforation and gastroplenral fis- 
tula, in which the possibility of operative injury to the diaphragm was 
admitted but was considered unlikely. Hai’zbecker'’ reported a case of 
empyema in a patient with a long history of cough and expectoration. 
Following drainage of the empyema, a large perinephric abscess extend- 
ing up to the eleventh rib on the same side was discovered. Since no 
direct communication was demonstrable between the pei’inephric abscess 
and the already healing empyema, Harzbecker considered the perinephric 
abscess to be metastatic from the original bronchiectasis. Tees^“ re- 
ported a case in which a lumbar abscess could be traced directly to an 
acute infrapulmonary empyema. He also mentions a similar case re- 
port by Fagge and Smith. Swan,“ in his review of 114 cases of sub- 
phrenic abscess, cites one ease in which the infection was of pleural 
origin. 

The following is the report of a ease which apparently belongs to the 
group of pleural infections which have penetrated or extended behind 
the diaphragm to involve subdiaphragmatic structures. The chief pur- 
pose in reporting this interesting case is to survey the pathways of ex- 
tension across the diaphragm. 


CASE REPORT 

The patient was a 48-year-olcI liousewife, compiaining’ of rigiit loin pain, fever, 
and weakness. Her past history included an appendectomy and a right salpingo- 
oophorectomy twenty-two years before, a right pleurisy seventeen years before, and 
osteoarthritis sixteen years prior to her present admission. One year ago she had 
severe pain in her back on the right side which incapacitated her for several days. 
Ten weeks prior to the onset of the present illness, there were a number of 
furuncles and small carbuncles about the neck and axillae, the last of which healed 
a few weeks before this illness began. During this time several badly infected 
teeth were removed and a moderately severe gingival infection was treated. 

The present illness began seven weeks before admission to the hospital, with cliiUs 
and pain in the right lower chest. Signs of consolidation appeared over the riglit 
lower lobe. Dor several days she ran a course typical of lobar pneumonia with 
chest pain, tachypnea, fever, and slight cyanosis. The diagnosis was made by Iier 
physician and confirmed by consultants. Cough was minimal, and the sputum 
scanty, colorless, odorless, and tcnaceous. Pneumococcus type XI was recovered 
from the sputum hj- mouse typing on two occasions. By tlie fifth day the signs 
over the riglit lower lobe had changed from dullness and bronchial breathing to 
flatness and diminished breath sounds. There was some amelioration of symptoms 
on the seventh day, but tlio temperature rose again that night. From that time 
on fever ranged between 101 and 104°. Tachypnea was persistent. Two thora- 
centeses wore done. Seventy-five cubic centimeters of fluid, containing few white 
colls and no organisms, were obtained the first time. Xo fluid wa.s obtained on tlie 
second tap. The chest sign.s were quite constantly dullness to flatness, diininislied 
lircatU sounds, and a few rales at the right base. Two roentgenograms were taken, 
llie first, after three weeks, sliowcd some elevation of tlie right diaphragm and 
cloud ine.ss in flic riglit cardiophrenie angle and interlobar fissure. Tlie second 
taken after live weeks, revealed some resolution of tlie cloudiness, but tlie diaphragm' 
reimiined elevated. About one and oue-Iuilf weeks prior to admission, pain in the 
nglit flank appeared and beeainc progressively more severe up to the time of 
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the parietal and visceral pleura, thus sealing off the infection from the 
general pleural cavity. Neuhof and Berck,^^ in their studies of staphylo- 
coccus empyema, describe this type of lesion in adults. They state that 
in these patients the pleural reaction tends to be that of a sacculated 
empyema or pyopneumothorax in contradistinction to the subtotal or 
total empyema or pyopneumothorax as found in children where firm 
pleural adhesions fail to form early. 

Given then a sacculated empyema, the next phase was perforation of 
the parietal pleura, peripleural extension, and invasion of the diaphragm 
or dissection behind that structure. The appearance of loin pain on 
about the fortieth day was apparently the signal of spread of the infec- 
tion do-wnward. The consideration of the pathways along which such 
a spread might take place is a matter of clinical as well as anatomical 
interest. 

Obviously a suppurative process on one side of the diaphragm may 
reach structures on the other side by direct spread in only one of two 
ways, either by penetrating that organ or skirting its attachments. 
Direct invasion through the diaphragm occurs at first via the Ijonphatics, 
and later, -with more severe infection, gross invasion of the musculature 
takes place with actual perforation.'* The normal Ijmiphatic drainage in 
this region is directed upward, which is one of the factors accounting 
for the frequency of thoracic complications following subphrenic infec- 
tion. Given, however, a suppurative process in the chest -with blocked 
lymphatics above the diaphragm, retrograde lymphatic drainage from 
above downward can occur.- 


Potential avenues of communication between the thorax and the 
abdomen are present in the connective tissue about the various struc- 
tures that traverse the diaphragm. For example, the space between the 
aorta and the diaphragmatic crura is filled with loose areolar tissue con- 
tinuous with the mediastinum above and the retroperitoneal tissues 
below. Pathways exist for the spread of infection along the course of 
other structures, such as the superior epigastric artery passing between 
the costal and sternal diaphragmatic attachments, the musculophrenic 
artery between its attachments to the seventh and eighth ribs, the vena 
cava, and the esophagus.’* 


Instead of penetrating the diaphragm, an infection may spread around 
its attaclimcnts. The i)o.ssible anatomical pathways are of interest and 
in tlie past liave received scant attention. Posteriorly the pathway 
miglit l)e behind tlie medial or lateral lumbocostal arches from which the 
diaphragm takes origin. Tlie lumbocostal arches are fibrous thickenings 
in the sheaths oi the psoas and qimdrafus himborum muscles. Tiiese 
muscles arise at a Iiigher level tlian tlieir arclies and, as a result an 
mtcction pcrlorating tin; parietal pleura in this area comes directly into 

bii'Id'?! ''"T T'"' follow the muscle down be- 

t K lumbocostal arches and tlie muscle sheaths into the lumbar 
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Pliysical examination revealed a pale, acutely ill woman. Temperature was 
102. G • respiration, 30 j pulse, 112, There was dullness to flatness at the right 
base with diminished breath sounds over that area. There was extreme tenderness 
in the right costovertebral angle. The lingers were not clubbed; the abdomen 
was negative. W.B.C., 10,600 with 84 per cent P.Jl.N. ; 15 per cent lymphocytes 
and 1 per cent mononuclears; Hg., 48 per cent; urine contained only a few white 
cells. Cliest x-ray revealed a dense shadow iix the right lower chest which was 
interpreted as fluid dipping beneath the base of the lung. The portion of the right 
lung that was visualized and the entire, left lung showed no abnormalities. 

The chest was aspirated in the right eighth intercostal sjxace and a small amount 
of pus was obtained. 

Operation was performed under avertin-nitrous oxide-oxygen anesthesia. An in- 
cision w'as made over the ninth rib below the angle of the scapula and that portion 
of the rib ■ excised. The pleura posteriorly seemed inflamed. Several aspirations 
were made at this time; some bloody fluid was obtained; but pus was not encoun- 
tered. A cautious incision through the inflamed pleura revealed the lung imme- 
diately subjacent and adherent to the parietal pleura. An additional section of 
the posterior portion of the ninth rib was excised, revealing thick edematous pleura. 
Pus was then encountered at the lower medial margin of the operative field arising 
from under the tenth rib. Purulent exudate was found tracking beneath the tenth 
and eleventh ribs. The overlying portions of these two riba were removed and a 
cavity was found wliich extended at least three to four inches below' the eleventh 
rib. The cavity was about one inch in diameter and lined with purulent slough. 
Prom the walls of the cavity pus could be expressed. A tract was then discovered 
at the level of the tenth rib extending anteriorly. Digital examination of this 
tx-act revealed the smooth upper border of a rounded mass and some fleshy tissue 
xvas removed for examination from the depths of this anterior sinus. No further 
loculations were found and the entire cavity xvas packed. Culture of the pus was 
Staphylococcus aureus, hlicroscopic examination of the tissue removed (Dr. 
P. Klemperer) was as follows: Fragments of kidney' showing leucocytic infiltration 
of the stroma with atrophy of the tubules and many leucocytes within the tubules; 
histology suggestive of pyelonephritis (see the history of an episode of right loin 
pain one year previous). 

The postoperative course was one of progressive improvement. X-ray of the 
chest on the fifteenth postoperative day still showed some elevation and haziness 
of the diaphragm and slight thickening of the short fissure. Repeated urine 
exaxninations revealed only faint traces of albumin at times and occasional white 
cells Culture of the urine xvas reported enterococcus. The jiatient xvas discharged 
with a clean granulating wound and normal temperature. 


The interpretation of the patliogencsis in this case admits of several 
possibilities. The following statements appear warranted : the culture 
f the pus was staphylococcus and the abscess was therefore presumably 
metastatic from the previous skin lesions; there was a spread of the 
• V tbx'ono-li or behind the diaphragm ; both the pleural and the 
,vore invaded. In view of the aente onset evith .hill., 
r V chest pain, and lung findings, in addition to the tardy appear- 
’ V min min the supradiapliragmatic lesion was probably primary, 
ance of 1 ^ kidney were secondarily invaded, 

and the perm I probably a metastatic subplcural 

The lesion m consolidation about it. This type of lesion in- 
abscess with an j.„action which tends to form adhesions between 

duces an early pieuiai 
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onset. In our experience we have often found pneumococci of the 
higher types in the sputum of patients ■who have lung lesions subse- 
quently proved not to be of pneumococcal origin, especially when the 
typing is done by the mouse method. By that method, even though 
there are only a few pneumococci present in the specimen of sputum 
injected into the peritoneal cavity of the mouse, the growth of those 
organisms is favored and that of the remaining is inhibited. Conse- 
quently that method gives no information as to whether or not the pneu- 
mococcus found was the predominant organism or merely one of a num- 
ber of organisms present in the upper respiratory passages. As far as 
the prompt appearance of the physical signs of lobar consolidation is 
concerned, such findings are just as compatible with the picture of a 
staphylococcus abscess with surrounding pneumonitis as with pneu- 
mococcus lobar pneumonia. Finally, the extension of an independent 
renal and perirenal infection to the exact site of a pneumonic lesion with 
associated pleuritis would be too unusual a coincidence on which to 
reckon when a more likel}'^ pathogenesis can be offered. 

SUMMARY 

A case of staphylococcic empyema with extension beneath the dia- 
pJiragm and about the kidney is presented. The anatomical pathways 
for spread of infection from the thorax to the subphrenic regions are 
discussed. Similar cases recorded in the literature are analyzed. 
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region.”® This was the patiiway postulated in tlie case reported by 
Tees,”® in which a lumbar abscess could be traced upward to an infra- 
pulmonary empyema. The infection Avas directed away from the kidney 
by tile sheath of the quadratus lumborum and the thick posterior layer 
of the renal (Gei'ota’s) fascia. The efficacy of this fascial layer as a 
barrier against spread of infection toward the kidney was borne out by a 
case reported by Edelman.”® An exploratory operation Avas done for 
Avhat Avas thought to be a perinephric abscess. Instead an abscess Avas 
found posterior to the posterior layer of the renal fascia, but immedi- 
ately adjacent to it, and yet the fatty capsule of the kidney, separated 
only by this posterior layer of renal fascia, Avas entirely normal. 

There is a patliAvay, hoAvever, AA'hieh Avould cany a pleural infection 
anterior to the posterior layer of the renal fascia into direct contact 
Avith the kidney. Cunningham”-” states that not infrequently “an in- 
terval separates the diaphragmatic fibers arising from the lateral lumbo- 
costal arch from those ai'ising from the medial lumbocostal arch. In 
these cases the kidney and the loAver limit of the pleura are intimately 
related." In addition in this region the anterior and posterior layers 
of the renal fascia of Gerota fuse Avith the diaphragmatic fascia and do 
not px’esent the distinct layers of thick protecting fascia that they do 
anteriorly, posteriorly, and laterally.”^ From the operative findings in 
the case Avhieh is the object of this report, it seems most probable that 
the infection reached the kidney through this defect between the dia- 
phragmatic origins from the tAAm lumbocostal arches. 

In the final differential diagnosis of our ease certain other possibilities 
must be mentioned. One interpi’etation that has tlie Aveight of sta- 
tistical frequency to recommend it is the diagnosis of metastatic cortical 
abscess of the kidney Avith secondary perinephric abscess, perforation 
of the diaphragm, empyema, and pneumonitis. HoAvever, a careful 
analysis of the clinical histor;v' makes this diagnosis unsound. Tlie onset 
of the illness Avas sudden Avith prompt appearance of symptoms and 
sio-ns related to the lung. It Avas not until almost the sixth Aveek of ill- 
ness that severe back pain occurred, presumably tlie effect of spread 
beneath the diaphragm. Another feature is the fact that, Avith the 
exception of the skin and dental infections, the patient was well prior 
to the onset of this illness; Avhereas, in those cases of unsuspected siib- 
hrenic abscess that have as their first manifestation some snpradia- 
V ^atic complication, there is usually a period of unexplained fever 
vimie chronic or subacute illness prior to the pulmonaiy or pleural 


infection. possibility that two distinct illnesses were present, 

T.«pomocoeeus pneumonia and a staphylococcus renal cortical 
namely, ^^p.^nd to invade the pleura. The findings that 

abscess, that si pi-esence of pneuniocoeeus type XI in the 

support such a c findings resembling lobar pneumonia at the 
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formed on at least four animals. The tampon material used was of 
different consistency. The very light hydrophilic spongy broeatamp 
was mainly used, as it appeared very effective in arresting hemorrhage 
from parenchjnnatous organs (liver). Tampon material soaked in a 
hemostatic agent (sangostop) was also used successfully. The mate- 
rial is exceedingly plastic and can be compressed into about one- 
twentieth of its volume. Tampons of greater consistency were em- 
ployed to stuff large cavities. 



Fi?. 1. — Photograph of spongcous tampon material. 


Tliere was no apparent difference in the reaction of soft or hard 
and compressed and noncompressed tampons. Apparently the S25ongy 
mass of the tampons soon becomes filled with serum which equalizes 
the differences. The reaction of the various tissues to the implanted 
tampons i.s a very slight one. Tliere seems to be no chemical or me- 
chanical irritation of the surrounding tissue. Tiie collagen which 
forms the tampon does not act iis a foreign body in the organism. The 
tampons do not become adherent to the surrounding tissue. During 
the first few days following the implantation, they apparently absorb 
serum. This is followed by an invasion of leucocytes which extend 
their phagoeytic action along the large surface of the spongy tissue. 
The wide meshes and o])euing.s facilitate the infiltration of granulation 
tissue from the connective ti.ssne capsule that soon develojis around 
the taininm and is more or less firmly attached to the siirroinidiii"- 
.structures. Tampons in ])arenchymatou.s organs, such as the liver, 
-siffeen, kidneys, etc., arc ti.xed; wherea.s, tampons in muscle, fat, and 
connective tissue remain loosely attached to their environment by a 
thin network of coniieetive ti.ssne fibers for considerable time. 
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The minimal degree of irritation to the surrounding 
pressive. The simultaueoiis occurrence ot the processes of oi,,a! - 
zation and destruction of the implanted material is quite eharaetcnstic. 
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'Flic tampon could be palpated as a firmly clastic, subcutaneous mov- 
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The eomiecth'e tissue capsule of the implanted bodj^ is formed by 
organization of the serum in and around the tampon. Under normal 
conditions the tampon is not as firmly encapsulated as a foreign body, 
but rather is infiltrated by granulation tissue and thus gradually or- 
ganized. Accompanying this process of organization is one of destruc- 
tion not oidy by phagocytosis but also by liquefaction. The leucocytes 
and giant cells particularly show a phagocytic activity. The latter 
appear as syncytial formations of connective tissuelike origin. They 
are often seen pressed close to the fibers of the implanted material or 
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in gaps of this material similar to osteoclasts in the region of a frac- 
ture. The number and the activity of the leucocytes vary largely. 
Probably secondaxy factors, namely, tissue injury and necrosis of the 
surrounding tissue by the operation or by infection, play an important 
part. The collagen per se of the tampon material has no leneotropic 
action. Therefore, the tampon, as a imle, does not suppurate, unless 
infected cavities ai*e tamponed or an abundant use is made of tincture 
of iodine in the wound. Then the process of organization is confined 
to the envelopment of the tampon that is totally destroyed by leu- 
cocytes. Howevei’, even these focal infections distui’b the histologic 
appeai’ance of the surrounding- tissue astonishingly little. The re- 
sorption period of the tampon, i.e., the time in which the implanted 
matex’ial either dissolves or is made pai’t of the orgaixism by organiza- 
tion, depends on the size of the tampon, the vaseulai-ity of the sui-- 
I’ounding area, and the qualitj’’ of the tampon material. Genei-ally 
large tampons remain longer than small ones and vascular tissues, such 
as the spleen or the liver, enhance absoi-ption. The sti-ucture of the 
tampon sui-faee is also importaixt. The more porous the material, the 
more rapid is the process of oi-ganization. For these reasons it is not 
possible to determine definitely the time required for absoi-ption. In 
some instances the fibers of the tampon matei-ial cannot be recognized 
six weeks after implantation; whei-eas, in others distinct rests of the 
spongy material ma}^ be observed even after six months. 

In more than 100 experiments tliei*e was not a single case in which 
the tampon xvas extruded, even fx-om an infected area. On the eon- 
traiy, it seems that the pi-esenee of pus promotes the digestion of the 
tampon material. Instead of the tampon, there was found an encap- 
sulated caseous area which, on micx-oscopic examination, did not show 
any tampon fibers. It consisted solely of fatty leucocytes. When the 
reaction of the organism is neither distux-bed nor interrupted, after a 
varying period of time there remains a conneetiA'e tissue cicati-ix that 
is much smaller than the original tampon. When a large tampon has 
been used, this end eft’ect will be reached only after a year. Smaller 
tampons ai'e organized much moi-e quickly. 

The minimal degree of irritation to the .surrounding tissue is im- 
pressive. The simultaneous occurrence of tlie processes of oi-gani- 
zation and destruction of the implanted material is quite characteristic. 
This is demonstrated clearly in Pigs. 1 to 8 (Rabbit 99) which were 
made by L. II. Bi-etschiieider, histologist of the Zoological Laboratorv 
of the State University at Utrecht. On June 1, 1938, a large tampon 
was placed into the subcutaneous fat through an incision in the skin 
of the abdominal wall of an expei-imeutal animal. The cavitv had 
been treated previously with tincture of iodine. On Jan. IS, 1939 the 
tampon, together with the surrounding abdominal wall, was extirpated, 
llie tampon could be palpated as a firtnly elastic, subcutaneous mov- 
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The connective tissue capsule of the implanted body is fonned by 
organization of the serum in and around the tampon. Under normal 
conditions the tampon is not as firmly encapsulated as a foreign body, 
but rather is infiltrated bj^ granulation tissue and thus gradual^" or- 
ganized. Accompanying this process of organization is one of destruc- 
tion not only by phagocytosis but also by liquefaction. The leucocytes 
and giant cells particularly show a phagocytic activity. The latter 
appear as syne.ytial formations of connective tissuelike origin. They 
are often seen pressed close to the fibers of the implanted material or 



, mitroscopic c.Namination of Implanted tampon. The entire 
Fig. 2. — Appearance on m connective tissue capsule whicli is very thick 

tampon rest is surrounded by a others. These connective tissue libers lie also 
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tiucture of iodine and there was the danger of secondary infection 
from the skin wound. HoAvever, in spite of this, the tainj)on was not 
extruded. It appeared that even the skin had not become adherent 
to the implanted body. In other tissues and in parenchymatous or- 
gans in which the reactions produced by the tampon are less liable to 
the disturbing action of exogenous factors (operative trauma, infec- 
tion, wound healing), the processes of absorjjtion and organization of 



Fig. 5. — Drawing of microscopic appearance of liistologic section of tampon ma- 
terial showing; a, phagocytic giant ceils on tampon fibers; 6, autolysis of tampon fibers 
by ferment action resulting in granular and frayed appearance of the fibers ; c, 
fibroblasts. (Enlarged oil-immersion Bausch and Lomb, 1.2.5. ocular 10.) 



. JlI''Jologle section of Implanted ttimpon material sliowiiur beclnnln.- 

Vie' M .r'l * V Interllbrlllar e.xudate; <i. young l\brobIa.sts ; h. fibroblasts wltli col” 
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the center with leueoeytie infiltration 
8-onnd 8.1ass. In son.e parts the an ^n f ‘'^PPearance of 
^vhereas, other areas revealed vLCs ^f^^clerably absorbed; 

stitution by granulation tissue md absorption and sub- 

tampon at the pe^hpheryt :;:\ri::r om: • 

“ the nnplanted body. 
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Pis. 3, 
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cytes; c ^rous exudate. (S„Ta%‘e'’d oR-S-mS /^Ibr'o^bSTf. 


obS::^!? a 

cells whose absorption function is most apparent l^r 

tampon material (corrosion of the tampon fibers) fPi^s 5 L frT os 
leucocytic infiltration with focal necrosis and clestruetion of the t-.m 
poll material (Pigs. 3 and 8). ^ ® 

In both eases the tampon is gradually replaced by granulation fissne 
(FiS. 5 6 a..a «. G,ad,..I,y „v.„ caneCiVe-.i^m'. 
collagen fibers and vascular endothelium become predominant Youn- 
collagen connective tissue appears and the original boiuidary’ between 
the organized implanted body and the capsule is no longer perceptible 
It is a well-known fact that the subcutaneous fat ti.ssue of the ab- 
dominal wall is poorly suited for absorption of an implanted body. 
Moreover, in this particular experiment the tissue was irritated by 
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tiueture of iodine and there was the danger of secondary infection 
from the skin wound. However, in spite of tliis, the tampon was not 
extruded. It appeared that even the skin liad not become adherent 
to the implanted body. In other tissues and in parenchymatous or- 
gans in which the reactions produced by the tamf)on are less liable to 
the disturbing action of exogenous factors (operative trauma, infec- 
tion, wound healing), the processes of absorption and organization of 



5. — Drawing of microscopic appearance of histologic section of tampon ma- 
terial showing: a, phagocytic giant cells on tampon fibers; b, autolysis of tampon fibers 
by ferment action resulting in granular and frayed appeamnce of the fibers; c» 
fibroblasts. (Enlarged oil-immersion Bausch and Lomb, 1.25. ocular 10.) 
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the iucorporated material occur less equally. But in these eases, also, 
these two processes, namely the destruction of the implanted material 
and the secondary organization by granulation tissue and by primary 
connective tissue growth, as a result of fibroblastic invasion of the 
unimpaired fibers of the implanted body are almost always recog- 
nizable. This primary growth of connective tissue, in my opinion, is 
due to the affinity between the fibroblasts and the collagen substance 
that evidently can be nsed immediately by the young cells for the con- 
struction of new fibers. Apparently the same forces are operative in 
tliis case as in the rehabilitation of Nageotte’s greffes mortes. Indeed, 
in some very compact pai'ts of the implanted bodies that resist the pene- 
tration of serum longest, some adult OA'al cells are found quite isolated 



Pig. T. 



7 Histologic section o£ inipIanteO tampon material, showing advanced con- 

ti’ssiip-like organization and destruction of the tampon fibers which lose tlieir 
arrous sSSre. (Inlarged oil-in, mersion Bausch and Bomb, 1.25. ocular 10.) 

R —Histologic section of implanted tampon material at borders of the destruc- 
.• «,inwn bv b in Pig. 3. a. Granular mass of tampon material (stained dark 

f oSatfon) with focal areas of leucocytes; 6, necrobiotic leucocytes; c, 

red m the Pr P ^ and fragmentation of tampon flbeis; d, unimpaired tampon fibers. 


nil the living tissue at the periphery, and in sucli close contact with 
. eolla-'cii fibers of the implanted body that it is clearly a question 
; o-eiiuine rehabilitation. The structure of the tampon here appears 
hP readilv habitable for connective tissue cells. As a rule this 
. guvnnk organization prevails in the deeply implanted and 

■unary ° exposed to disturbance.s (Pig. 3) and 

impact tamp sgrocellular infiltration and consequent ferment 

lat resist bes leucocytes. In noncompre.s.secl tampons 

id phagocytic ae ^ wounds the de.striictive proee.s.ses be- 

ad in those lying m opeiau 
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come more prominent and, in an infected tissue, may even culminate 
in the destruction of the material bj’’ pus and the encapsulation of the 
necrosis as described above. 


CONCLUSIONS 

The characteristics of a new, assimilable material that might be 
useful in surgery, namely, for tamponade and isolation of tissues and 
organs, were studied experimentally and the result described. The 
material, brocatamp,‘* consists of collagen and appears perfectlj" non- 
irritating to the surrounding tissues when implanted in rabbits. 

It is partly absorbed by the lytic activity of ferments and by phago- 
cytosis, and partlj'- organized either by direct infiltration of connective 
tissue cells or by the formation of granulation tissue. 
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SOLITARY TRUE DIVERTICULUM OP THE CECUM 

Report of a Case 

James C. Owings, M.D., and Zachariah JIorgan, M.D., Baltimore, Md. 

COLIT ARY true diverticula of the cecum seem to be quite rare, since 
^ ill a recent article Bennett- Jones^ was able to collect only nineteen 
eases and added three, the treatment of which he had observed. How- 
ever, he makes the statement, which is very likely true, that probably 
there have been a good many other eases that have not been reported 
because of poor or fatal results or else that they have been reported in 
obscure journals. We wish to add one more case to those already re- 
ported. 


Mrs. E. P., wliite woman, aged -12 years, liad been under treatment by one of us 
(Dr. Z. Morgan) since September, 1933, for a mild thyroid and pituitary deflciency. 
During tins period she had had occasional attacks of abdominal pain localized to the 
right lower quadrant which were suggestive of recurrent appendicitis. Her past 
and family histories were relatively unimportant, except that she had developed an 
incisional hernia following a cesarean section in 1933. This hernia was be- 
coming larger and commencing to give her trouble. She had had typhoid fever at 
IS years of age, a tonsillectomy and an appendectomy in 1925, and a benign tumor 
removed from the right breast in 1934. 

She was admitted to the Church Home Hospitai on April 7, 1939, after having 
suffered with severe abdominal pain for tlie previous four days. The pain, which at 
first seemed to be generalized over the whole abdomen, had been associated with 
nausea and fullness. By the time she was admitted, the symptoms had become 
localized to tlie right side. Siie had not vomited, and bowel movements had been 
normal. 


Examination on admission showed lier temperature to be 98.9° E., pulse 84, 
respirations 20, blood pressure 140/80, hemoglobin 72 per cent and white blood 
count 12 '’50. She was in no particular pain at the time of examination, complain- 
ing only of soreness in tlie right side. Examination of the abdomen revealed marked 
tenderness witli reflex muscle spasm at McBurney’s point. There was an old mid- 
line scar with a fairly marked hernial defect at its upper angle. Otherwise the 
examination was essentially negative. A diagnosis of subsiding appendicitis and 
■ cisional hernia was made. Operation was advised, and the patient consented. 
^'^'^The abdomen was explored through the old incision, with the idea of repairing 
i* ■ • at the =ame time the appendix was removed. Gas-ether anesthesia was 
the “ opening tlie peritoneum, a large hard mass with a crater in it.s center 

used. p jatel-al wall of the cccuiii directly opposite the ileocecal valve, ami 

was , alands present in the mesentery. There was no evidence of 

there were some o „vnnsed. .ami even under direct vision it was im- 


there were cecum was exposed, and even under direct vision it was im- 

any obstruc ion. dealing with an intiammatory process or a new 

possible to te w uncertainty, it was thought best to do a wide re,sectioii, 

growtli. In view o ^ including the ceouin and terminal ileum, wa.s removeil 

so the right side of t le eo , transverse colon was inverted, and an aseptic 

in a single block. The cut end 
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end-to-side anastomosis was performed between the ileum and transverse colon with 
Stone’s clamps. The hernia at the upper angle of the incision was repaired in the 
usual manner. The patient had a very uneventful postoperative course. 

The pathologic report on the specimen (Dr. V. H. Norwood) was: “Diverticulum 
of the cecum (true), showing acute infl.amination with ulceration and a large fecalith. 
Appendicitis .acute secondary.’’ 



Fig. 1. 

On April 20, thirteen days following the original operation, the patient, while 
bathing, noticed a small lump in the right breast, which she called to our attention. 
Upon examination the lump was found to be about the size of a small hazelnut. 
It was freely movable, being deeply buried in a ratlier large fattj' breast and 
apparently not attached either to the skin or underlying tissue. Since the patient 
Was very fearful of carcinoma of the breast, she was advised to have the lump 
removed more for her mental satisfaction than any other reason. The nodule was 
removed under local anesthesia on April 25, and, much to our surprise, the routine 
frozen section showed medullary carcinoma. The next day a simple mastectomy was 
done, with the removal of the lower axillary glands and the fascia over the pectoral 
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muscles. A radical operation was not done because of the very small size of the 
growth. Again she had a quite uneventful postoperative eourse and was discharged 
from the hospital on May 7. Following discharge she was given a full course of 
radiation. She has had no evidence of recurrence to date and no symptoms referable 
to the partial resection of the colon. On July 7 she was carefully fluoroscoped, and 
x-rays of a barium enema were made in an attempt to discover diverticula else- 
where in the colon. The report of this examination is as follows (Dr. Pierson) : 
"Cecum and ascending colon have been resected. The anastomosis is working per- 
fectly. No diverticula demonstrated.” 

This case follows very closely the pattern shown by previouslj’’ re- 
ported cases, in that the usual preoperative diagnosis was acute appendi- 
citis and that, when a large mass was found on the wall of the cecum, it 
was impossible to tell whether it was malignant or not, so a wide resec- 
tion was done to plaj'^ safe. The end result was also in accord, since 
to date onl3^ one death has been recorded in this type of ease. In a good 
man}'' eases there was- only a very small diverticulum which was treated 
by local excision and closure of the neck. Tliere were nine cases in 
which the mass was large enough to make the diagnosis doubtful and 
which, therefore, required resection. The one death occurred in this 
group. Obviously, local excision is the procedure of choice if the size 
of the lesion permits. The only unusual feature about our case was 
that the patient, while bathing during the postoperative course from her 
first operation, accidentally discovered a small nodule in her breast. 
This nodule was a carcinoma and required removal of the breast. 
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CONGENITAL HOERGLASS BLAEDER 

A r T» I ■N.'tr* T-Tt\T'\T\U 15. OaRLSONj 
Nelse F. OCIOiRBLAD, M.E., A>vD Hjaeai- 

E:.\ksas City, Mo. 

T-HE eoiidition Imowii as Lour^^s 

1 ered one of the rarer airomahes, with a t^ai 

the literature. It may he defined as a ^ ^ g^erse constriction, 

bladder is divided into Uvo smaller “ ‘‘"X„oe it. the com- 

without definite change in total volume an coustriction where the 

ponent parts of the bladder vail eacep ^her 

bladder is hvice the normal i,ou,.. glass bladder nrnst 

above or below" the ureteial onfiees. o bladder due to other 

he distinguished from hourglass dcfoimi les yesica duplex 

causes such as (1) diverticulum, (2) paten uiac , vesicles, 

or vesica bipartita. (4) 

either congenital or surgical, and {») result of ex- 

conditions such as tuberculosis or severe cystitis, oi as a lesuit 

trinsic or intrinsic injury. 

etiology 

The condition of congenital hourglass bladder -^I^^TheoSs Im^e 
sonable embryologic basis for its occurrence, an ^ Eisen- 

been proposed. These theories have been well — > ” 

staedt and MeDongall,' who have divided them mto lh.ee g.onps 

^oTlows 

°1 Atoistie relationship or honrglass bladder no.-mally lonnd in some 
animals. 

2. Persistence of the embryonic ureteric membrane. 

3. Unequal groAvth of the two bladder anlagen. ^ 

The atavistic relationship to the hourglass bladder m lower 

animals was suggested by Krasa and Paschlas w o oun^ . the 

of hourglass bladder in a variety of animals._ The persisten e 
embryonic membrane of tbe ureter as the etio ogica ac or w ^ » 

gested by Chwalla" as a result of studies of Hochstetters embryos i 
whieh he found snch a membrane in a 37 mm. embryo Ordinarily this 
membrane disappears before the 28 mm. stage. T e tieory o unequa^ 
growth of bladder anlagen was first stated by Pagenstec ler, an ® 
by Gruber® Avho believed that there is a failure of per ec union o e 
trigonal portion which is of mesodermal origin and the bladder proper 
whieh is of endodermal origin. In regard to the latter theory, we must 
remember that it is only the lining of the bladder which is endoderma . 
The bladder mnsculatnre is mesoderm and is, therefore, of the same 
material as the trigone. At the present time we believe that the evi- 
dence for or against either of these theories is insufficient upon which to 
draw a reasonable conclusion. 
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muscles. A radical operation was not done because of the very small size of the 
growth. .Again she had a quite uneventful postoperative course and -was discharged 
from the hospital on May 7. Following discharge she was given a full course of 
radiation. She has had no evidence of recurrence to date and no symptoms referable 
to the partial resection of the colon. On July 7 she was carefully fluoroscoped, and 
x-rays of a barium enema were made in an attempt to discover diverticula else- 
where in the colon. The report of this examination is as follows (Dr. Pierson) : 
“Cecum and ascending colon have been resected. The anastomosis is woi-king per- 
fectly. No diverticula demonstrated." 

This case follows very closely the pattern shown by previously re- 
ported cases, in that the usual preoperative diagnosis was acute appendi- 
citis and that, when a large mass was found on the wall of the eeeum, it 
was impossible to tell whether it was malignant or not, so a wide resec- 
tion was done to play safe. The end result was also in accord, since 
to date only one death has been recorded in this type of case. In a good 
many eases there was only a very small diverticulum which was treated 
by local excision and closure of the neck. There were nine cases in 
which the mass was large enough to make the diagnosis doubtful and 
whicli, therefore, required resection. The one death occurred in this 
group. Obviously, local excision is the procedure of choice if the size 
of the lesion permits. The only unusual feature about our case was 
that the patient, while bathing during tlie postoperative course from her 
first operation, accidentally discovered a small nodule in her breast. 
This nodule was a carcinoma and required removal of the breast. 
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identification of these two conditions. The differentiation of a congenital 
hourglass bladder from a congenital absence or surgical absence of the 
prostate and seminal vesicles should not be difficult. An hourglass con- 
striction of the bladder due to inflammation, such as chronic cystitis or 
tuberculosis, or to either extrinsic or intrinsic iniury is conceivable, but 
that it would ever approach a condition closely resembling that of a 
congenital hourglass bladder is cxtremclj’’ unlikely. Certainly, however, 
an hourglass type of bladder with a large communication may be re- 
garded with suspicion. 

TREATMENT 

The treatment of congenital hourglass bladder should be directed 
toward enlargement of the opening between the two halves of the hour- 
glass so as to allow better drainage and more complete emptying of the 
bladder. Since the total capacity in these cases closely approaches that 
of the normal bladder, it seems more plausible to follow some procedure 
concerned with the eradication of the fibrous ring rather than to remove 
the upper portion of the hourglass as would generally be done with a 
diverticulum. "Where the ureters empty into the upper half, there is, 
of course, no choice in the matter. Of the sixteen patients, nine were 
operated upon. Two had suprapubic cystotomy only. In six, some 
type of operation directed at removal of the fibrous ring was done, and 
in one in whom the upper cavity was small, a resection was done. Of 
the six cases in which the fibrous ring was removed, the base of the blad- 
der was resected in two ; in two cases the ring was cut with a scissors ; 
and in two the entire muscle band was excised. Of the nine patients 
who underwent operation, six recovered and three died. 

CASE REPORT 

W. H. M., No. L-oOCi73, white male, a physician, agetl G3 years, was admitted to 
the hospital on April 14, 1934. He complained that for the past live or six years 
lie had had an increasing nocturnal frequency and that for the past three years he 
had had increasing difficulty of urination, with a developing urgency and increasing 
incontinence with some hematuria. For the past six months he had been catheter- 
izing himself daily, with the exception of the past month when he used the catheter 
every eight hours. 

Examination showed the presence of an ankylosing osteoarthritis of the spine, 
sacroiliac joints, and one hip joint. Rectal examination suggested an enlarged 
prostate. 

Laboratory examination showed the urine to be alkaline, with a specific gravity 
of 1.013, albumin 4 plus, no sugar, and with 20,200 pus cells per cubic millimeter 
iind 3,200 red blood cells per cubic millimeter on microscopic examination. The 
blood showed a red blood cell count of 3,920,000, a white blood cell count of 9,000, 
and hemoglobin, 78 per cent. The AVassermann and Kahn tests were negative. The 
intravenous phenolsulphonphthalein test showed a total output of 27 per cent in one 
hour. 

Cystoscopic examination showed a small median bar with a bladder of evidently 
greatly diminished size. The bladder was full of debris, and the mucosa showed the 
presence of a rather severe chronic cystitis. There was an opening about 2 cm. in 

iameter in what appeared to be the dome of the bladder. An air cystogram was 
t len taken which revealed the presence of an hourglass deformity (Pig. 1). 
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INCIDENCE 

It is a little difficult to separate in the literature the congenital hour- 
glass bladder from the hourglass deformities of other etiology, since a 
certain degree of confusion exists. However, we have succeeded in col- 
lecting sixteen such cases, including a case of our own, whicli are sum- 
marized in Table I. 

The first description fulfilling the requirements of a congenital hour- 
glass bladder ■was by Passo in 1848. An exact description of the autopsy 
findings is given which leaves no doubt as to the condition found.” The 
first use of the term hourglass bladder in relation to tlie congenital typo 
was by Detwiler in 1888.' It is probable, however, that the name had 
previously been used in describing bladders witli diverticula. 

The condition to date has been more frequent in men than in women. 
Of the sixteen cases, ten were in males and three in females, and in three 
the sex was not stated. The age ■was extremely ■\'ariablc. The jmungest 
patient was 11 jmars old, as described bj'^ Gutter,** and the oldest was 83, 
as described by Kretschmer and Morris.” The average age of twelve 
cases was 48.5 years. 

DIAGNOSIS 


The symptoms of congenital hourglass bladder were quite variable, 
but, as might be expected, 66 per cent of all persons complained of life- 
long bladder disturbance. The early symptoms include urinaiy diffi- 
culty, dysuria, or a history of enuresis. The symptoms of urinary diffi- 
culty and dysuria continue into later life and eventually bring the 
patient to the doctor. Thirty-three per cent, however, had no symptoms 
until later in life. Two patients had acute urinary retention, and one 
had hematuria. It has been suggested that it is the superimposing of 
a cystitis on the congenital deformity that ]noduees most of the dis- 
turbance. The patient pre.seiited by us had a severe cyslitis with an 


extremely purulent urine. 

On cystoscopic e.xamination, the bladder is found to be divided into 
two cavities, one above the other, which arc connected by an opening 


from one to three fingers in width. The ureters may open either into 
the lower or the upper compartment. The relative size of the two com- 
partments is variable, but the combined capacity of the two compart- 
ments is that of a normal bladder. The margin of the opening is .seen 
to be thick, is generally twice the tliiekne.ss of the bladder wall, and 
does not present the sheifiike edge seen in the opening to a diverlicnliim. 
When the cystoscope is introduced into the upper cavity, normal tralK-en- 
1 tinns and normal vessel markings are seen. We, therefore, have two 
4 . f „v=tnscoDic features to differentiate congenital hourglass bladder 
distinct c>stos 1 ^ diverticulum. Congenital hour- 

from an “ ° differentiated from hourglass ileformity due to a 

glass bladd contours of the hourglass bladder are 

persistent jj^ve the spiked upward e.stension .seen with 

rounded and i doubt, a evstogram will assist in the 

a patent urachus. H 
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3. The condition is most common in males, in a ratio of ten to thiee. 
The youngest patient was 11 years of ago, and the oldest 8o yeais o 

age, with an average age of 48.5 years. 

4. Sixty-six per cent of the patients evidently liad had some unnaiy 
disturbance since early life, including urinary difficulty, dysuiia, oi 
enuresis. Thirty-three per cent had no sjnnptoms until later m life. It 
is probable that the development of a severe cystitis in a patient with 
an hourglass deformity is responsible for most of the symptoms. 

5. The diagnosis is made by cystoscopy. The most distinguishing 
eystoscopic characteristics are the thick margin of the opening between 
the two cavities, the occurrence of normal bladder markings in the uppei 
as ivell as the loiver cavitj', and a total bladder volume that is appaiently 
unchanged from the normal. The ureters may open either above oi 
below the constriction. Cystoseopically, the condition must be distin- 
guished from other hourglass deformities, mainly from those due to 
diverticula. The diagnosis is substantiated at operation where the two 
cavities are seen to have walls of equal thickness ■which are normally 
constituted, and a constriction ring which is generally twice the thick- 
ness of the bladder ivall. 

6. Shice the total bladder volume is apparently luichanged from that 
of a normal bladder, it is generally best to follow some procedure con- 
cerned with the eradication of the fibrous ring, ■whether the ureters open 
into the upper or into the loiver cavity. 
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T ea(7neia -Because of the severe infection in the bladder, a suprapubic cys 
totomy was don^ The upper cavity was first entered. Tlie cavities appeared aboul 
equal m size. Examination showed that the fibrous ring was extremely tou-h and 
very thick and urns at least twice the thickness of the bladder wall. The o°penins 
was about 2 cm. in diameter. The walls of both cavities were found to bo of equal 
tliieknoss and presented similar layers and appearance. Considerable cystitis was 
found Examination of the lower cavity showed that the ureters opened into it in 
normal position and that there was a small pedunculated prostate present. The neck 
of the hourglass deformity was dissected out, making one large cavity out of the 
two. The incision was closed with drainage. 



Fig. 1. — .Ur cystogram showing hourglass appearance of the hhuliler. 


Twelve days later when the cystitis had subsided five large pieces of fibrous pros- 
tatic ring were resected witli the JIcCarthy rcscctoscopc. The suprapubic incision 
promptly healed, and the patient was dismissed from the hospital one week later. 

Five years after the operation the patient reported that he had had no bladder 
trouble and that he was still practicing medicine. 

su:m3i.\ky 

1 Congenital hourglass bladder is one of the rarer luunaii anomalies, 
with a total of sixteen cases, including a etise of our otvn, now recorded 

ill the literature. -m • ii i ? <i 

0 The e.xaet etiological tactor respoiisihle in the embryo for tiie eon- 

t" fon wliieli divide.s the bladder info two cavities like an lioiirgla.s.s 

is not Iniown, hut it may be due to one of the followingMiamely. an 

Ivistic reiationsliip to hourglas.s bladder normal ly lound m some am- 

nils the persistence of the ureteric membrane, or unetpial growth of 

the two bladder anlageu. 
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Henle (1878)“ and Pastau and TestnP descvibed again the anastomosis 
between the deferential and spermatic vessels. Jarisch (1888)® showed 
that the testis received its arterial supply from three sources: the in- 
ternal spermatic (the main supply), the deferential, and the external 
spermatic arteries. He did not recognize any relationsliip of these ves- 
sels with the scrotal system. Capuri’o (lOW)® studied the arterial 
anastomoses of the testis in the dog by injecting gelatin into the inteimal 
spermatic artery through the aorta. Colie (1902)^“ confirmed the rich 
anastomosis and in addition showed that the scrotal vessels of both 
sides communicated across the midline and anastomosed with the ex- 
ternal spermatic branches. Picque and Worms (1909)“ injected the 
internal spermatic artery at its entrance into the spennatic cord, veri- 
fied the foregoing observations, but rvere unable to find any communica- 
tion between the scrotal and testicular vessels. The cremasteric artery 
was sometimes found inside the cord structures and at other times out- 
side. Under the latter circumstances it gradually found its way by 
oblique penetration of the various coats of the cord until it reached the 
inferior portion of the testis to anastomose with the deferential and 
epididymal branch of the spermatic artery. Several types of anastomo- 
sis were described by Picque and Worms (Figs. 1, 2, and 3). 

According to Piersol,“ “the front and sides of the scrotum are sup- 
plied by the anterior scrotal branches from the deep and supei'ficial 
external pudic arteries and the back and septum are supplied by the 
posterior scrotal artery, a branch of the internal pudic. Free com- 
munication exists not only between the vessels of both sides across the 
midline but also between the anterior and posterior branches at the 
sides. The scrotal arteries anastomose with twigs from the obturator 
and internal circumflex as well as from the cremasteric artery. ’ ’ 

The evidence points to the cremasteric artery as the key vessel in the 
collateral circulation when all the vessels in tlie cord are tied off above 
the scrotum, since it alone communicates -with the scrotal system on the 
one hand and the testicular system on the other (Fig. 4). 

The venous circulations of the testis and epididymis were studied care- 
fully by HabereP^ in 1898. He showed that the blood returns by four 
possible routes: (a) Blood from the testis, into the anterior and poste- 
rior portions of the pampiniform plexus; (b) upper two-thirds of the 
epididymis, to the anterior pampiniform plexus through the epididymal 
veins; (e) tail of epididymis, by the deferential vein into the venous 
plexus aliout the seminal vesicles; (d) coverings of testis and cord, by 
the external spermatic vein into the inferior epigastric vein. 

Anastomoses between the veins occur only in the lower portion. Ac-\ 
cordmg to Wangensteen,^ interruption of the veins in the pampiniform^ 
P exus below the anastomoses will interfere with the circulation in the 
testis more than ligation of the intei-nal spermatic vein hiwh in the 
extraperitoneal region. 
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purpose of tins paper. !„ addition the life ' T P^’osontation is the main 
reviewed, the blood supply and col'llV^f T be 

be discussed, experimental observations 5 of tlie testis will 
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AXATOJIIC.in COXSimuiATlOX’S 

According to Lusehka (1S63),* the spermatic artciy carrie.s tl 
blood supply of the testis. He recognized the cxistcncc'of mi cpididV*''’ 1* 
branch but did not speak of its anastomosis with the deferential -irt 
Sappey (1873)*^ was the lii-st to recognize such an ana.stomo.si.s! Lalw 
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EXPERIMENTAL AND CLINICAL OBSERVATIONS 

The blood supply of the testis and epididymis in dogs was found to 
be similar to that in man by a number of investigators (Ludwig and 
Tomsa/'^ Griffiths/® Ellenberger and Baum/' Wangensteen^^). Prac- 
tically all of the experimental work on this subject was done on dogs; 
the results have been interpreted as being applicable to man. 

Cooper (1845)“ was the first to study the effect of ligation of the 
vessels of the spermatic cord. On one occasion he divided between 
ligatures the whole of the spermatic cord. Sloughing and gangrene of 
the testis took place and he was content apparently with the result of 
this single experiment. Miflet (1879)“ showed that obliteration of the 
internal spermatic artery in dogs was followed by hemorrhagic infarc- 
tion of the testis and that ligation of the internal spermatic veins alone 


AOKt/V 



ivas sufficient to cause degeneration of the testicular parenchyma. Thus, 
hemorrhagic infarction of the body of the testis followed by atrophy of 
the gland resulted whether the artery or the vein was ligated. How- 
ever, Koeher (1887),-° Treves (1891),-^ and Bennett (1893)-- found 
that obliteration of the internal spermatic arteiy and veins caused neither 
sloughing nor atrophy. While changes may be produced in dogs by 
interference with the blood supply, long sections of pampiniform plexus 
With the spermatic artery may be i-emoved for varicocele in man ivith 
impunity. Griffiths (1895),^° as a result of experiments on dogs, re- 
verted to the older view. He observed that “1. Ligation of the sper- 
matic artery in full grown dogs leads within a few days to gi-eat diminu- 
lon in the bulk of the testis, caused by rapid destruction from degenera- 
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Fig. 1. — Showing anastomosis between the epldiiiymai brancl> of tiie spermatic artery 
with the cremasteric and deferential arteries. (After Plcqu^ and Worms.) 



Fig. 2. 

li, tween the testicular branch of the .siiermutic artery 
Fig. 2.— Slewing anastomoA^^ system. (After Flcr,ue and -Worms.) 

ie spermatic arico 
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periments in dogs, noted that the tnniea of the testis was thickex and 
more unyielding than that covering the epididymis and that tension in 
the testis was greater than that in the epididymis. Corapai’able pres- 
sure disturbances might take place in the testis after ligation of the 
vessels. He suggested that incisions through the tunica albuginea or a 
bisection of the testis with orchidorrhaphy might prevent atrophy. Iir- 
cidentally, he confirmed, in a general way, the three types of anastomoses 
described by Picque and Worms and demonstrated airew that the sper- 
matic system comrrrurrieated with the scrotal vessels arrd that the latter 
were noted to comnrrnricate rvith each other across the raphe. 

Ligation or Division of the Vas Deferens . — The procedirre of vasectomy 
dates from 1845 when Cooper reported unilateral vasectomy iir a dog. 
Sis years later an examination showed that the epididymis was distended 
with spermatozoa. Gosselirr”® perforirred vasectomy hr two dogs. He 
found the testes normal six arrd terr months later. Curling (1866) 
reported four experimeirts of vasoligatioir irr whieh sperm was foirnd 
abundantly present after two to eight morrths. 

Concerning changes irr the testis, Spangaro®' irr 1903 was able to 
demonstrate spermatozoa in the testes but seemed sirrprised that no 
degeneration of testicular substarree had been produced. Gregg^® found 
the testes perfectly rrormal forrr years after accidental vasoligation at 
an operation for hernia. Wallace^® corrcluded from experiments on dogs 
that there is some distention of the epididymis following vasoligation 
and no dilatation of the tubirles and that the growth of the testis and 
its function of producirrg spermatozoa are iirdependent of the integrity 
of the vas. Oslund,®^ experimenting on dogs, concluded that vasectomy 
does not cause degerreration of germinal epithelium of the testis, and 
Moore and Oslund®® concluded from their experiments on sheep that 
vasoligation does not result hr degeneration of the epithelium of the 
seminiferous tubules. Wangensteen, experimerrting with dogs, found 
no significant change in the testis after vas ligation. The conclusions 
seem to be uniform, therefore, that no injury to the testis or epididymis 
follows vas ligation or vasectomy. 

CLINICAL EXPERIENCES WITH SEI^RANCE OF THE SPERMATIC CORD 

It is to be emphasized that most of the experimental work on dogs ivas 
confined to ligature or division of only some of the structures of the 
spermatic cord. We are concerned in this paper with the results of 
complete cord severance. The literature on this subject is scanty. De- 
spite disagreement as to the effect on the testis of experimental ligation 
of part of its blood supply, the clinical observations after ligation or 
division of the entire spermatic cord in man seem to us to serve as fair 
indicators of the fate of the testis and the epididjunis. 

The procedure of complete severance of the cord structures has been 
employed by us to achieve complete hernioplastic closure in selected 
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tive changes in the seminal tubules; but, after a time the remaining 
tubxxles nxa}'' recover to such a degree as to be capable again of prodxxc- 
ing spei’matozoa in the xxsual way. 2, Ligation of all the spermatic 
veins leads to great swelling from engorgement of the veins and e.x- 
ti'avasation of blood into the intertubular connective tissxxes, and to 
necrosis of the epithelial cells in the seminal txxbxxles. This coixdition 
xvoxxld ultimately cause almost complete disaixpeax'ance of the seminal 
txxbxxles and atrophy of the gland. 3. Ligation of the spei'matic artexy 
and veins in pxxppies leads to great swelling of the testis and atrophy 
of the organs. 4. Ligation of the spermatic artery and veins in full 
groxvn dogs maj’’ lead to sloxxghing of the testis, complete atropliy and 
temporary fatty degeneration of spermatogenic cells in the seixiinal 
txxbxxles which may be folloxved by complete recovery.” 

In 1902 Mignoxi^^ adxmeated section of all the x^essels in the spermatic 
eoi’d with the exception of those aeeompanjdng the vas deferens, as a 
measxxi’e to aid in the placement of the maldescended testis in the scro- 
txxm. Bevaix (1903)^* conelxxded independently from operations on 
varicocele, in xvhieh he had sacidficed all the vessels of the spermatic cord 
except those accompanying the vas, and in xx'hich no apparent interfer- 
ence with the testicular nutrition had occuiTed, that these vessels “could 
be safely sacrificed in those eases where it xvas necessaiy to divide thenx 
in order to bring the testicle well down in the scrotum.” Moschcowitz 
(1910)“®..divided the spermatic xmssels in dogs and removed the testis at 
periods vaiying from four days to three weeks after operation. In no 
instance did gangi’cxie oceixix Mici-oseopcally, some necrosis in the in- 


teidor of the testis was noted occasioxially, but the alveoli showed some 
degree of pi-eservation in the pex-ipheiy. Gessnei%=“ operating aecord- 
ino- to Bevan on dogs (that is, division of all structures of the cord, 
except the vas, its artery and veins), found testicular atrophy in four 
out of five dogs, and thei-efore ai-gues against avoidable division of the 
vessels of the cord. However, the section apparently xvas made in the 
scrotxxm. Mixter (1924)=' found it neeessaiy to divide the internal 
spermatic vessels in 15 out of 107 cases of undescended testes. Atrophy 
folloxved in all but 2 of these cases. Wangensteen (1927)“ shoxved that 
“section of the internal spei-niatie artery is folloxved alxvays by diminu- 
tion in the size of the dog’s testis and by scattered degenerative changes 
in the txxbxxles; spei'matogenesis, hoxvever, still continues. Ligation of 
the internal spermatic artery with either the antei-ior or the posterior 
nn of veins of the pampiniform plexus is followed by the same change 

iSc artery and all the veins m tlie pampmifojm plexus alxvays i-esults 
™^the total destruction of the testis. 

'%t has been observed (Mifiet, Wangex.stcen, and Ju.-an.sou) tl.at, while 
It lias in-ei epididymis remained norma). In seeking an 

Ike testa .WP'' ■ « ,,, ,,i,„ 

explanation toi tm.a 
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cases. However, there was one case (Case 10), in which severance of 
the entire cord was performed because a fibrosarcomatons tumor of the 
abdominal wall had involved the cord structures. There were 25 cases 
in Avhich severance of the cord was employed. It was perfoi’med on one 
side only in all cases. There was no mortality. Eliminating 5 eases 
lost to follow-up or inadequately followed and 1 case in which orehid- 
ectomy was performed soon after operation (Case 13), there remain 
19 cases for consideration. The follow-up varied from eight to fifty-five 



5 resected testis, epididymis, and spermatic cord. 

in these 19 eases. In 6 cases there was obvious atrophy of the 
TT' per cent) ; in 2 eases there was slight atrophy (10 per cent) ; 
“^7- ^ I. vpmainin’g 11 cases tiie testis, according to clinical observa- 
r! e 7 (57 cent,. Tl,™ 

were, tneie , ^ ^ referred to above required orchidectoiiiy 

per cent). ’i,se of a dissecting hemntoniii which wfis due to 
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cord were severed thirty-one months before offered clinching evidence 
to support the clinical impression of testicular viability. This case 
(H. 0., Case 8) warrants special presentation. 

Case Report. — The patient was a man 20 years old in whom a right hernioplasty 
was performed three years previously. There was a recurrence of the hernia within 
seven months. On May 29, 1936, hernioplasty was performed for the recurrence 
and the whole right spermatic cord was severed in order to effect tight closure. 
There has been no recurrence of the hernia. The recent development of swelling 
and a sense of a mass in the right testis led to its removal for suspected neoplasm 
thirty-one months after the cord structures were severed. At operation the sper- 
matic cord was exposed and no pulsation could be felt in the spermatic artery. 
The testis, epididymis, and vas up to the external ring were removed. 

Gross Pathologic Description . — “Specimens consisted of a resected testis and 
epididymis and S cm. of the spermatic cord. Upon opening the tunica vaginalis 
there was revealed a testis normal in size and shape, measuring 4.5 by 3.5 by 2.3 
cm. The epididymis also appeared normal in size and shape. On section, the 
body of the testis presented a tawny cut surface which was somewhat edematous. 
The tubules could be strung with ease. No areas of atrophy or fibrosis were 
evident. Section through the epididymis disclosed nothing unusual. The struc- 
tures of the spermatic cord presented no abnormalities. ” (Fig. S.) 

dfioroscopto Description. — (Figs. 6 and 7.) “The seminiferous tubules appeared 
somewhat reduced in number and rather widely separated from each other, as though 
by edema of the interstitial tissue. However, there were no fibrous or hyaline 
tubules such as one sees in the usual areas of tubular atrophy in the testis. Many 
of the tubules appeared somewhat dilated. This appearance is enhanced by a 
reduction in the cells of the tubules. All stages of spermatogenesis were observed, 
although the sum total was reduced. In addition to this quantitative variation 
from normal there were certain qualitative aberrations. In some tubules complete 
inactivity was evident. In others there seemed to be some abnormality in the 
transformation of spermatids into mature spermatozoa. The latter lacked for the 
iiio.st part the usual elongated spearheads. The heads appeared, instead, round. 
Tails were not found. This may have been due to inadequate fixation. Some of 
the tubules contained a liomogenous, basophilic coagulum. The number, appear- 
ance, and distribution of the interstitial cells w'ere normal. The blood vessels were 
unchanged. Tlie structures of the epididymis were not unusual. A few tubuli 
epididymides contained small numbers of round-headed spermatozoa whose tails 
could not be distinguished. ’ ’ 

This case is unique in that Ave were able to study microscopically for 
the first time the late effect of complete severance of the spei’matie cord 
(almost three years after the operation). The findings prove that the 
testis was only insignificantly altered following complete division of 
the cord. 

TECHNIQUE OF OPERATION 

The technique of severance of the cord is simple. Each structure is 
tied off by separate suture. Mass ligatures are not employed. The cord 
should be tied off above the scrotum, between the external and the in- 
ternal abdominal rings. Ligature of the cord stinetures iu the scrotum, 
at or below the external ring, destroys any possible collateral anastomo- 
sis. It IS evident that meticulous aseptic and hemostatic technique is 
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required, otherwise a resultant hematoma dissecting along planes into 
the scrotum- will interfere by compression with the collateral circula- 
tion. Infection may lead to the same result if the scrotum becomes 
involved. Sliould there be any indication of hemorrhage or infection, 
immediate opening of tlie entire wound and evacuation of the dissecting 
clot or pus is necessary in order to relieve compression of collateral 
vessels, 

A study of our cases demonstrates that there is little or no apparent 
effect upon the testis and the epididymis in the majority of eases if a 
careful technique is employed. A maldeseended testis is variable and 
displaced, and severance at any point might interfere with the collateral 
circulation. 

SUMMARY 

1. The testiculoepididjmioserotal arterial and venous systems com- 
prise a potential collateral circulation for the testis in case of complete 
severance of the structures of the cord in the inguinal canal. 

2. The severance of all the structirres of the cord in 24 cases resulted 
in no immediately obvious abnormality in the testis. 

3. In an adequate follow-up of 19 of these patients over a period of 
eight to fifty-five mouths, very little or no atrophy was observable in 13 
patients (68 per cent) and obvious atrophy in 6 patients (32 per cent). 

4. Microscopic study of the testis removed in one of these cases thirty- 
one months after complete severance of the structures of the cord re- 
vealed an essentially normal testis. 

5. A careful aseptic and hemostatic technique is an essential factor 
in safeguarding the development of a collateral circulation, and thus 
preserving the testis in the majority of eases. 
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appear to be of critical importance. Even if it could be established that 
genu valgum is the invariable sequel of the operation, the condition is 
so readily amenable to coiTeetion by supracondylar linear osteotomj^ 
that it should not be urged as a valid conti'aindication to the operative 
intervention, provided the intervention ivere otherwise satisfactory. 

By far a more serious objection, and undoubtedlj^ the one which 
accounts for the lack of popularity of the operation, is the interference 
in mobility which, in varying degrees, has been observed almost routinely. 
It is this disability which forms the main theme of the present com- 
munication. Before proceeding to its consideration, a third objection, 
not previously stressed, should be noted. 

Because of the satisfactory results obtained in adults, the indications 
for the operation have been extended to include the treatment of similar 
conditions in children. However, experience soon showed that, even in 
the hands of the same surgeon, the response of children to the bifurcation 
procedure might be entirely different from that seen in adults. In the 
latter, the shape given to the femur could, with confidence, be expected 
to remain imehanged. In children, on the contrary, it was observed that 
even in cases in which "ideal” bifurcation had been performed, the 
"spike” of the distal fragment tended to disappear. The femur grad- 
ually lost its given configuration and with the lapse of time assumed a 
form reminiscent of that obtained after a Schanz type of osteotomy.® 
Although this was explained as an inherent response of growing bone 
to the altered stresses occasioned by the osteotomy, the disappearance 
of the projecting and presumably supporting upper end of the distal 
fragment was disconcerting. Indeed, it almost seemed to contraindi- 
cate the use of the operation in children. 

But even this did not seem to exhaust the difficulties which these pa- 
tients presented. Further observation recalled almost paradoxically 
that, while instability might be the consequence of a loss of the bifurca- 
tion configuration, pain and limitation of motion pei’sisted in certain 
eases in which the bifurcation Avas not lost. 


Case 1. Marjorie G., aged 6 years, was seen in the Outpatient Bepartment in 
Jme, 1932, with a history of a peculiar gait since the age of 2. Examination 
disclosed a bilateral congenital dislocation, with all the classical signs and symp- 
toms. Because of the fact that the acetabular fossae seemed to be largely replaced 
by bone reposition, simple rednction was deemed inadr’isable, and anterior trans- 
position, after preliminary traction, was decided upon. By means of Hoke traction, 
the femoral heads were pulled down to about the acetabular level. Adduction 
tenotomy was performed, and anterior displacement of the femoral heads was 
undertaken. Although it appeared to have been successfully carried out, the result 
as to stability was not considered satisfactory. The patient was consequently 
rea mitted to the hospital, and bifurcation was performed on the left hip in 
January and on the right hip in March, 1934. The convalescence was of a routine 
patient was discharged from the hospital in April, 1934. in Jmjg 
1J34, it was noted that internal rotation was limited, that adduction was uainfii/ 
and that flexion, which was, limited, occurred only on external roSZ 2 
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'T^HB operative procedure which has become Imown as the “bifurca- 
tion” operation was apparentlj^ first described bj" Lorenz,® although 
he admitted the similarity in principle of this operation to other types of 
subtrochanteric osteotomy used by Kirmisson* and previous to that by 
other American surgeons. Lorenz was of the opinion that speeial merit 
accrued to the particular osteotomy which he recommended. Originally 
suggested by the observation of a pseudoarthrosis of the femoral neck, 
the rationale of its application to other conditions, and especially to the 
treatment of irreducible dislocations of the head of the femur, was 
quicldy recognized. In addition, it has been recommended in a number 
of different conditions : upward dislocation of the femoral shaft follow- 
ing a destructive epiphysitis, fractures of the acetabulum, nonunited 
fractures of the femoral neck, and the painful coxarthritides in which 
ankylosis has not occurred.'* ■ 

In essence, the operation constitutes an effort to divert the stream of 
body weight, so as to restore stability without sacrifice of hip joint 
mobility. Although the procedure makes no attempt at restoration, 
either of normal anatomy or physiology of the injured liip joint, there 
is no doubt that it does succeed, in many cases, in rehabilitating the 


functionally incapacitated patient. It is a relatively simple technical 
procedure, which can be quickly performed, with but little shock. It 
actually does re-establish stability in the unstable hip joint. It relieves 
pain and permits of at least partial physiologic rest to an inflamed or 
otherwise irritated joint. 

It would seem to be exactly the sort of operative intervention Avhieh 


should have fii-ed the imagination of the orthopedic surgeon. Tiiis is not 
the case. "With the exception of some few who insist upon its merits, 
the procedure does not seem to liave won general popularity. It is 
interesting to note that it is particularly in the treatment of the unre- 
duced congenital dislocations, for which the operation was originally 
reconuneuded, that the greatest dissatisfaction has been manifested. 

I the main, the objections have been twofold. The first of these is 
" ed with the apparent development of a postoperative Imoek-knee. 
AiirTf-h some have claimed, and quite reasonably, that the abducted 
Alttioi o portion of the femur jiredisposes to the formation 

position 0 iasisted that this was merely apparent, or 

a gem. "a, ion. Thia moot point ean be readily deter- 

was piesen oostonerative axial measurements and docs not 

mined by pve- 


— „.e .or 
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tory” bifiu'catiou. Since by iar the greatei' majority of the bifurca- 
tion operations had been xiei'forraed for unilateral indications, tlie dis- 
ability did not appear to be sufficient to justify the casual discard of 
the procedure. Although the patient’s complaints of pain could not be 
entirely disregarded, they were accepted as representing the pi'ice paid 
for the acquisition of stability by means of a relativelj^ simple operative 
intervention. It was only when a review of the bilateral bifurcations 
was undertaken that the extent of the disability was fully appreciated 
and a clue to its causation was found. 



Fig. 2. — Case 1. Roentgenogram made in February, 1937. The angle of the upper 
end of the right femur is approximately that of the pelvic 'wall. On the left side, 
the angle is deftnitely less. 

A strikingly similar clinical picture was discovered in all. There 
was an annoying increase in the intererural distance, with an inability 
to bring the legs into parallelism. The patients could not coinpletelj^ 
flex or adduct the thighs. In the seated position they could not cross 
their legs tailor-fashion. They could not assume the squatting posi- 
tion and had difficulty in putting on their shoes or stockings. In the 
erect position, they stood with the legs abducted and the feet everted. 
Forward progress was possible only Avith a peculiar twisting and wad- 
cUing gait. Nevertheless, the Trendelenburg sign was invariably nega- 
tive. Pain was present in vaiying degree. In some patients the pain 
was so mild that it was overlooked in their satisfaction at the restoration 
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SctaB ■..LtomL si"’ p'“ '* 

:: zs::-.: it 

muscle weakness. ^ ''addle was attributed to fear and 

sisted. On the left skC thl^ disappeared wfth 

February, 1937, the roentgenogram (It t!L T T" I" 

figuration on the loft side,, with its pe^msiLce mrlhe "right. 



Fis, 1.— Case 1. Roentgeuoeram made in August, 1031. alter bilateral osteotomy. 


Because of the firm belief in the ncee.ssity for pelvic support, tlie pain 
and limitation of motion on tiie one side, at tlie time, was unfortunately 
overlooked. Interest centered mainly on the other side, and the appur- 
entb^ bizarre outcome was accepted, without more ado, as another one 
of the bifurcation peculiarities which had been observed repeatedly in 
adults. In many adult cases in which “unsatisfactory” bifurcation had 
been performed, the functional result was frequently e.vcellent, although 
the roentgenographic appearance left much to be de.sired. Instead of 
bifurcation, osteotomy, either at a high or a low level, had been per- 
formed. Even "’here the osteotomized fragment made no contact with 
the pelvis, stability had been restored, withoul any material limitation 
of motion. Yet, strange to relate, it was frequently noted that the 
m-eatest disability appeared precisely in tho.se very cases which presented 
die most typical roentgenographic evidence of anatomically “.satisfac- 
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at the age of 12 years. She presented all the pathognomonic signs of bilateral 
hip dislocation. This was confirmed by roentgenographic examination. Because of 
the high position of the femoral heads, preliminary skin traction, and later skeletal 
traction, was attempted, but without success. In 1933 adductor tenotomy and then 
anterior transposition of the femoral heads were carried out to balance the pelvis 
and overcome the marked lumbar lordosis. The roentgenogram showed the position 
of the femoral heads beneath the anterior iliac spines. The results of this trans- 
position were not satisfactory, and bifurcation was recommended to overcome the 
waddle and establish stability. 

In November, 1933, bifurcation was performed on the right side. In January, 
1934, bifurcation was performed on the left side (Fig. 3). In both instances 
the effort was made to place the upper end of the distal fragments into the 
acetabula, according to tlie precepts of Lorenz and of Haas.a On the left this was 
accomplished but on the right aide the effort failed. In March, 1935, it was found 
that both bifurcations had lost their characteristic appearance and had assumed 
almost their preoperative appearance (Fig. 4). 



Case 2. March, 1035. The hiturcatiou has disappeared. It is barely possible 
to recognize that osteotomy has been performed. 


Because of the persistence of the waddling gait, operative revision of the bifur- 
cation was advised. This was performed on the left side in October and on the 
light side in December, 1935. A roentgenogram taken in April, 1936 (Fig. 5) 
showed good bilateral bifurcation. It is to be noted that the anatomic appear- 
ance on the right side is almost tliat of a Sehanz osteotomy. On the left side 
there is a well-formed spike, which is placed directly in the acetabulum, and tlie 
einoral head does not appear to be in close contact with the pelvic wall. Even 
a er tius revision, the result left much to be desired. In 1938 the patient still 
walked with a peculiar twisting waddle. She was unable to cross her legs or to 
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of Stability. In others, it was so severe that the patients insisted on 
relief, even at the risk of reoperation. 

In these eases one factor appeared to be constant. Roentgenograph- 
ically, all showed good bifurcations, but in all a long spike, formed by 
the upper end of the osteotoinized ■ fragment, persisted. The obvious 
inference was that this was the cause of the difficulty; the obvious indi- 
cation was for its removal. But, since the spike is of the very essence 
of the bifurcation operation, its removal seemed to imply a negation of 
the previous surgical effort. Without further consideration, this did not 



« p«se 2 Roentgenogram made in February, 1031, after the avst bilateral 

’ bifurcation operation. 


seem warranted. It was at this stage that the e.xperience witli tlie 
bifurcation operation in children came to mind. As has already been 
noted instances liad been observed in wliicli stability ^Yas preserved, 
despite the loss of the spike. It seemed, tlicreforc, justifiable to repro- 
diiee surgically, the effects whieli nature had demonstrated in children. 
With this object in view, several patients wore admitted to the hos- 
. , . tjje specific purpose of resecting the projecting spike of the 
£al osteotomized fragment. The two ca.ses herewith recorded are 

typical- 

TJ-) i^rnl bifurcution for congtaital hip ilisloailioiu, mlh subHapicnt 
CASE 2: Bilateral f M. wua s.x-ii iii .ruly, i'XfJ, 

removal of perM hove spiU 
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walk with the left foot pointing forward. There was inoderatc limitation of motion 


in all arcs of motion on the left side. 

right left 

Ple.\ion Complete 90° 

Extension 175° 180° 

Abduction 70° 60° 

External rotation 60° 50° 

Internal rotation 30° 5° 


A roentgenogram (Eig. G) taken in June, 1039, disclosed the startling explana- 
tion of these phenomena. On the right side the bifurcation had again lost its 
characteristic form, but on the left the spike Iiad persisted. Lateral views, not 
reproduced here, demonstrated the forward projection of this bony prominence. 



Fie. T. Case 2. July, 1938. The spike has been amputated, with prompt restoration 

oE motion. 

In the conviction that this was the cause of the patient’s disability, resection 
of the bony block was advised and carried out in June, 1939. On the operating 
table it was clearly demonstrated that the limitation of internal rotation was 
caused by this spike, and tliat inunediatoiy upon its removal the limitation dis- 



-r On the left side the bifurcation character has been 

6— Case 2. with the head, forms an angle greater tlian the 

Jer4e<I, The projec 
.'le of inclination oi uie f 
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walk with tlie left foot pointing 

forward. There was 

moderate limitation of motion 

in all arcs of motion on tlie left side. 




RIGHT 


LEFT 

Fle.xion 

Complete 


90° 

Extension 

175° 


180° 

Abduction 

70° 


60° 

External rotation 

(30° 


50° 

Internal rotation 

30° 


5° 


A roentgenogram (Fig. 6) taken in June, 1939, diselosed the startling explana- 
tion of these phenomena. On the right side the bifurcation had again lost its 
characteristic form, but on tlie left the spike Iiad iiersisted. Lateral views, not 
reproduced here, demonstrated the forward projection of this bony prominence. 



’• 2. July, 1939. The spike has been amputated, with prompt restoration 

of motion. 

In the conviction tliat this was the cause of the patient’s disability, resection 
of the bony block was advised and carried out in June, 1939. On the operating 
table it was clearly demonstrated that the limitation of internal rotation was 
caused by this spike, and that immediately upon its removal the limitation dis- 
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uppeuretl. llio putiuut^a convalescence was uueveutful, aiitl she was permitted out 
o£ bed Jis soon as the soft tissue wound iuul healed. Even as early as several 
weeks after operation, the patient showed a marked improvement in gait. The 
stability was well jneserved, and, bearing her full weight, the patient was able 
aelivoly to rotate her left leg internally to 20“. Forward progression was possible 
iu a normal manner, with only a slight limp and pelvic tilt. The roentgenogram 
(Pig. 7) taken iu July, revealed that the spike had been completely resected. 

C.VSK 3: Bilateral congenital femoral dislocation treated Z/y hifurcotion and sub- 
sequent amputation of **spikcs.>*-^Bmnm S., aged 27 years, was seen iu the^Oiit- 
patieut Department in Alarch, 1937. There was a liistory of a limp, waddling 
gait, and ditliculty in standing and walking since childljood. T)je recent appear- 
ance of pain ill the hips forced the patient to seek medical assistance. Physical 
examination disclosed all the classical signs of a bilateral, congenital, femoral 
dislocation. An x-ray taken iu March, 1937, showed ^Mjilateral, congenital dis- 
location with [it is to be noted] adduction deformities of both femora. The newly 



o 3 4pnl 193S. Roentgenogram maOe after bilateral bifurcation. 

ThrSiglerS the upper end of the femur are obviou.^^Iy greater than the angle of 
pelvic inclination. 


, 7 on tlie liglit side allows mavked, productive changes.'' In 

bifurcation of the left femur was performed iu tlie oblique sagittal 
mi ’nostoperative convalescence was uneventful, and in August, 1937, the 
plane. 'The P°® J ‘ bifurcation of the right femur. 'Ihe patient 

patient was re crutches, in Kovember, 1937. 

was discharged, . « complained of severe pain in both groins. She 

In January, Iddo, ^ guarded 

noted that the right „ ^ mnrked abduction and external rotation, with the 
the right leg i marked abduction and external rotation. 


manner, 
knee in flexion. 


The left leg 
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As in. tile right leg, internal rotation was impossible, eitlier passively or actively. 
The patient could not adduct her legs in standing or cross her legs in sitting. 
She was given physiotherapy and encouraged to discard her crutches, but without 
any subsequent iinprovenienl in gait or comfort. A roentgenogram taken in April, 
1938, disclosed the reason for the disability; the upper ends of the distal fragments 
were found to abut anteriorly against the acetabular rim and not against the 
ischial tuberosity, as had been previously reported (Fig. 8). 

The patient rvas readmitted to the hospital for the purpose of removing this 
abutment on the right aide. At operation, the upper end of the distal fragment 
was found in contact with tlie pelvic wall, anterior to the acetabulum. Internal 
rotation of the femur was prevented by the bony prominence, even with the leg 
in abduction. The spike was partially removed, and immediately thereafter there 
was marked relief of pain in the right groin. Tlie patient was able to ties the 
thigh, but only on abduction; the power of adduction improved, but internal rota- 
tion remained limited, probably because of insufficient removal of the bone spike. 
Following lier discharge from the liospital, there was marked improvement noted 
in the gait, hut she continued to complain of pain in the left groin. 



January, 1040 . The spike has been largely amputated on the left 
restoration of function. On the right side partial amputation 
lesuited in continued impairment of function. mmation 


In November, 1938, the patient was again admitted for operation on the left 
•side. The spike of the distal arm of the bifurcation was found projecting for- 
ward into the thigh musculature. Wlien an effort was made to bring the leg into 
t le neutral position, tlie spike impinged against tlie side of the pelvis. °Froni 
1 C e.vperipnfe gamed at the previous operation, it was realized that a more liberal 
resection of the spike was iieco.ssar 3 '. Although complete removal of the bony pro- 
jection was iinimssible, the result was more satisfactory than on the opposite side 
lere was an iiicieused range of rotation and almo.-t complete subsideLe of tlie 
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liL"; risia, “sr®"'” 

Ui)on her disehurgo froi.i the hosidtal in Deeoi.iber, 1<)3S, the mtient’s richt 
leg wa. st.ll hold .u nuKlorato abdao.iou and external rotation; The!e Jas L2d 
. na.m.t.o.i in pa.a. The gait was greatly improved but was still unaiglifly and 
L patient lias unable to cross her legs when sitting. In January, 1940, a roent- 

.frodTr,?7™ f’/" been eonve’rtedTto 



Pi,, Case 3. February, 1010. .iVfter secondary resection of tlie spike on the 

riirht kde the patient was able to brine botli legs into parallelism, with marked 
restoration of mobility in all directions. 

The patient was admitted to the hospital for the removal of this bony pro- 
■ ction The day following operation she was able to stand erect with her ex- 
trem’ties parallel. Witliiu. two weeks the patient could cross her legs. In the 
eet osition, the legs could be held together. Rotation, flexion, and abduction 
almost normal. °She walked with the feet pointing forward. There was still 
t waddle but the twisting component had disappeared. The stability was 
if \ nnd the Trendelenburg sign remained negative. The pain had completely 
exceUen^, The roentgenogram taken in February, 1940, showed marked reduction 

^Se^sUe of the projecting spike (Fig. 10). 



JIILCH : BIFURCATION OPERATION 


697 


The study of these and other cases established beyond question that, 
even in the hands of the same surgeon, the response of children to the 
bifurcation procedure was entirely different from that seen in adults, 
hereas in adults the form given to the femur could with confidence 
6 expected to remain essentially unchanged, in children it was found 
lat with the lapse of time the given shape became so modified that the 
results observed shortly after operation differed radically from those 
noted at later examinations. During the early period, in children, sta- 
nmty was without exception restored. Where excessive abduction, un- 
u y prominent spike formation, or improper double contact with the 
peivis occurred, a marked impairment of gait and even painful limita- 
lon of motion were commonly seen. But almost invariably these un- 
pleasant sequelae gradually disappeared as the children grew older. 

e pain subsided and the gait improved, but all too frequently the 
P eviously acquired stability vanished at the same time. Wlien the 
loen genographic series of these patients was examined, it was found 
a , as t e stability disappeared, the femora manifested a typical se- 
ence of variation. Beginning with the characteristic “Y” shape of 
th! Q bifurcation, the femur assumed the hockey-stick shape of 
of the bl^e ultimately toward the original shape 


adults this did not occur, it was found that, as in 

excessive Imitation of motion were invariably associated with 

the erelt f V" formation. In the unilateral eases, and in 

pelvis in motion is marked by tilting of the 

larae m! such compensation can occur is determined 

lumbar ^ ® mobility in the opposite hip and the sacro- 

cluded and It T"' ^^en seated, the possibility of pelvic tilt is pre- 

strable These tr'T demon- 

puttin- otshop ? have difficulty in 

ever it is in t 1°'" '^bairs. How- 

eom;s appl^ent tleT ^'^^^bity be- 

angle with tC f i ? abduction of the distal fragment makes an 
tion of a^^oral neck which is greater than the angle of inclina 

— m rLtmlf;o“ Pf-^— bring^helet int 

and may best be desei-ihpti ” ^ lesult, the gait is awkward 

a negative Trendelenburg sif Th^ feet Ire heV''^'‘'^I 

IS markedly limited In nrl^i+in u aie held everted, and rotation 

such pain t :^:tC;ts - - 

e “ftti* “ - the upper 

not occur and where the snT-r ! «f bifurcation. Where this does 

bbturbances which are seen ffi threlLrinTsI SfslVtllLll 
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toward loss of the hifuvcatioii may be noted occasionally, but the rate 
at which this change occurs is relatively so slow that a more expeditious 
therapy must be iustitirted. 

These disabilities can Ije promptly overcome by resection of the spike 
which is the hallmark of the bifurcation operation. The fact that tliis 
call be accomplished with restoration of mobility and without loss of 
stability seems to indicate clearly that the spike is not essential to the 
successful outcome of the osteotomy, and that, on the contrary, it is the 
cause of the undesirable effects almost routinely found after a typical 
bifurcation operation. 
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THE APOPHYSEAL INTERVERTEBRAL JOINTS 
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of Beirut) 


OBJECT OF STUDY 

O P THE two forms of joints in the vertebral column, only the apo- 
physeal joints, which connect the neural arches, are true diarthrodial 
articulations. They differ from the synchondroses formed by the disk 
and vertebral bodies almost as much as tlie hip joints from the pubic 
symphysis. In the pathology of the spine this difference is more impor- 
tant than is generally appreciated; it seems to have been recognized 
first b}’’ Praenkel,'* in 1903, but its clinical significance is not yet fully 
known. Lesions of tlie apophyseal joints are not easily interpreted. 
The joints may be involved in various affections of the vertebral bone, 
but thej’’ may be affected independently by the different forms of arthri- 
tis, in M'liich case other vertebral parts in turn may become involved. 
Hence, it is difficult to distinguish primary from secondaiy or incidental 
lesions. Reactions usually considered characteristic, such as osteophytes, 
rarefaction, calcification of ligaments, or destruction of cartilage, are 
common to many vertebral diseases and may develop after the primary 
lesion is healed. Since most vertebral diseases take a ehronic course, 
post-mortem examination usually shows the multifarious consequences 
rather than the primaiy or essential features of the morbid condition. 
Relevant features, e.g., of arthritis, may thus escape verification. Within 
its own limits, roentgenologic study shows at least some of the stages of 
the pathologic process and reveals quite frequently the anatomical con- 
dition present at the time of the clinical examination. Correlations be- 
tween anatomical and clinical findings can hardly be analyzed in an- 
other way. This report is concerned with the anatomical characters of 
the lesions involved, with their classification, and ivith the clinical mani- 
festations observed. 


RADIOGRAPHIC 5IETII0D 


As late as 1936 it was held that involvement of the apophyseal joints 
cannot be shown on radiographs.^ IMethods of x-ray examination and 
significant findings were described for the lumbar spine in 1929,^ 1931 
and 1934;'= for the thoracic spine in 1934;” and for the entire spinal 
column in 1938.” The radiographic positions are determined by the 
angles which the joint spaces or the corresponding facets* form with the 
plane: 90 degrees in the cervical section, nearly 20 degrees in 


Keceivetl for publication, February 13, 1940, 
mouHy? '^Tlie'^facefi’^are ' facets are often used synony 
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The articular processes may vary anni-Pni-,},] • • 

tion in the same segment; they are always broarl" P*"’ Posi- 

clren than in adults (Fig. 3). In the newborn o vn r'f ® 
corresponding to the epiphyseal eartiJa-e befJn interspace, 

neural arch, is seen slightly ventral of 'the 
It ossifies usually in the course of the first five 

of the articular processes and in the isthmus orTt *'P^ 

(Fig. 4) correspond to abnormally persistent cnrlijjl!!*^^^’'^';’,**^.^’ 
which originate from distinct centers of ossification n'^. 4 . hones 

iar supernumerary bone adjacent to a nonossified isthmus'i- 
Fig. 4; this anomaly seenK to have not yet been recorded '°'7^ 
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or complete absence of articular processes is rather common when com- 
bined with other developmental disordei’s, but it is rare as an independ- 
ent occurrence (Fig. 3). The articular processes of block vertebrae may 
be fused. Sjmostosis of the articular processes only is not uncommon 
in the upper cervical segments (Fig. 3). A supernumerary apophyseal 
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joint may be present between the first and second sacral vertebrae, 
especially when tlieir transverse processes are not completely fused 
(lunibarization) (Fig-. 3). 



arthritis 


The roentgenologic 

ground. Apart from 


interpretation of arthritis is not built on firm 
technical limitations, difficulties and confusion 



OPPEXHEIJIER : APOPHYSEAL IXTERVERTEBILVL JOINTS 


703 


arise from the combining and overlapping of morbid processes that are 
usually believed to be distinctive. For instance, bone atrophy, consid- 
ered as typical of atrophic (rheumatoid) arthritis, occurs in both main 
types of arthritis;^- whereas, condensation and osteophytes, which are 
regarded as criteria of hypertrophic (osteo-) arthritis, may develop also 
in the atrophic form when the articular bone has sufficient vitality to 
react by hypertrophy to the stimulation which results from the loss of 
cartilage.^- Severe inhammation, irrespective of its etiology, is always 



• articular process of lumbar vertebra (A). Sagittal view (iJ) 

close to n'*' views (O and D), showing gap in isthmus and a supernumerary ossicle 


associated with rarefaction d' all being equal, a weak or oft-repeated 
stimulus elicits hypertrophy.== Infectious, toxic, metabolic, and mechan- 
ical influences are often intertwined. An infectious arthritis may be 
reactivated by mechanical or endocrine factors, and lesions caused by 
mechanical damage to cartilage are often aggravated by toxic or infec- 
tious influences. The alternation of inflammation and repair leads then 
to appearances difficult to analyze. 


704 


SURGERY 


Bearing in mind that we are thus dealing with variable reactions to 
variable stimuli rather than with defined entities, we may follow the 
accepted distinction between an atrophic (rheumatoid) and a hyper- 
trophic (osteo-) arthritic type, but 'without assigning to either a spe- 
cific cause. 


Aivopliic (Rheumatoid) Asthritis . — One of its first stages is enlarge- 
ment of the joint eajjsule. This is occasionally visible in the cervical 
segments, where the intervening soft tissues are thin enough to permit 
of visualization of the shadow cast (Fig. 5). Such a swelling of the 
joint capsule may occur also in joints involved by hypertrophic ar- 
thritis (Fig. 6 C). Slight rarefaction of the articular processes, stippled 
or diffuse, may coexist with the swelling in atrophic arthritis.’^^ Atrophic 
arthritis may heal at this stage, and the shadow then disappears. If it 
progresses, the articular cartilage thins down, whereby the visible joint 
space becomes narrow (Fig. 5). Effusion, which often counterbalances 
this narrowing in other joints, seems to be very rare in the apophyseal 
articulations. Once destrojmd, the cartilage is not regenerated to any 
appreciable amount or degree. The uiflanunatory pannus and cellular 
infiltration erode the subeartilaginous bo 2 ie, and the facets become scal- 
loped or ragged (Fig. 5). The disease ma}' become arrested at this 
stage, at least for indefinite periods.^’’ One of two reactions may set in 
subsequently. Either the denuded bone becomes condensed and rough 
(Fig. 5 F), whereby the atrophic merges with the hypertrophic form; 
or the inflammation may recur or progress and bony anltylosis between 
the facets take place (Fig. 5 C, P). Sometimes both forms of reaction 
are observed in the same vertebral column (Pig. 5 F). When bony 
anltylosis occurs, the ligamenta flava usually ossify togetlier with the 


joint to which they adhere. 

The lesion in its different phases may be confined to one or a few of 
the apophyseal joints;^’’ it may also involve gradually those of the entire 
spinal colunm. Tlie latter condition is invariably associated with all the 
clinical symptoms of rhizomelic spondylosis (Striimpell-Marie disease, 
ankylopoietic spondylitis or spondylarthritis, the Beehterew disease of 
the German nomenclature). 

The roentgenologic study of rhizomelic spondylosis confirms the ex- 
perience that autoptic findings are often misleading. “One does not 
die of rhizomelic spondylosis,”” hence post-mortem examination shows 
only the final result of this malady. Ossification of the longitudinal and 
vellow ligaments being common at advanced stages, tlie disease has been 
fpcrm-ded^as a form of spondylitis ossificans ligamentosa. Fagge’s fa- 
snecimen, shown in Knaggs’ article,--’ does not present ossification 
S die longitudinal ligaments. Lm-i, whose description is still unsur- 
“ cn-ent care to point out that ossification ol vertebral liga- 

passed, t ^ spine.” hly studies suggest 

ments occius calcify or ossify in sections whose mobil- 
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ity is diminished for any of various reasons." Where the dislts are 
thinned, the longitudinal ligaments become flabbj^ and tortuous, their 
ossification taking place in tlie form of protruding spicula. Where the 
disks remain noimial in height, as in rliizomelie spondylosis, the liga- 
ments remain stretched and ossify accordingly. This bamboo spine is 
one of the results, but it is neither a primary lesion nor a constant ele- 
ment of the morbid process; the longitudinal ligaments may fail to 
ossify in patients in whom complete ank3dosis is unmistakable; in these, 
however, the apophj'seal joints are invariably involved (Fig. 5 C). On 
the other hand, when the ligaments are ossified in the abseirce of apophy- 
seal arthritis, clinical symptoms are not usually present (Fig. 5 2 ?).. 

The vertebral bodies are often I’arefied in rhizomelic s2:)oud3dosis. 
Serial radiographs have shown tliat rarefaction is most severe while the 
arthritic inflammation is active ; the vertebral bodies regain normal bone 
densit3' when ank3’losis between the facets has taken place.*^ We ma3’^ 
assume that the vertebrae rarety in this case like an3^ other bone ad- 
jacent to ail inflamed joint. Yertebral rarefaction and ossification of 
ligaments are perhaps interdependent. Connective tissue does not usu- 
ally ossify unless neighboring bone is rarefied simultaneously.^® This 
is a modern version of Marie and Leri’s view that ossification of verte- 
bral ligaments is a mode of healing, a reparative strerrgtbcning of the 
weakened spine, and zuereb' an exazziifie of a general biologic rule." 


Hypertrophic (Osteo-) Arthritis . — As in other joints, its incipient 
stages cannot often be recognized radiographically izi the apophyseal 
articulations. In tlie absence of defiziite bone rarefaction, ziarrowing of 
the joint space due to thinziing of cartilage may suggest this lesion be- 
fore bone h3"pertrophy develops. But, as above mentioned, such a find- 
ing nra3r correspond also to a ciuieseent or arrested atrophic arthritis; 
the two forms may then be indistin.guishable even histologically." 

When more advanced, hypertrophic arthritis is i-evealed by well- 


marked condensation of the articular processes. The joizzt space is nar- 
rowed. Osteophytes form at the edges of tlie facets. Contiguous 


exostoses may fuse and produce anliylo-sis of the joizit (Fig. 6). Tlzorzi- 
shaped prominences at the tips of the articular processes correspozid to 
ossified insertions of intra-articular ligau\ents. This may be associated 
with hypertrophic spondylartizritis," but it may also occur indepeizd- 
ezitly " The two conditions should not be considered identical. 

Hypertrophic spondylarthritis is not uncommon in the doraal spine, 
it often occurs in the absence of other vertebral lesions. In the 
1 u.v section hypertrophic arthritis of tlze apophyseal joints is often 
, T Sh Sfiuning of intervertebral disks. As the distance be- 
associate ^ flattened disk diminishes, the cartilages 

et S^istain increasing stress. Where the plane of the facefs 
?opes diagonally backward, a posterior shift of the snpevjueent vertebra 
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often regarded as eorrespoiiding to the same lesion, namely, osteoar- 
thritis of tlie spine, their failure to be always assoeiated with disk thm- 
niim and with each other has given rise to extensive discussions and 
many discrepancies. I have suggested tliat lesions consecutive upon 
thinning of disks he designated as discogenetic in order to distinguish 



the discoo-enetic type of apophyseal artliri- 
^ from other are distinct in spite of their com- 

and that of ° , °Urophic," dofoming." on margma - 
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apophyseal cartilage/^ or both. This depends on the type of tranmatism 
as well as on the vulnerability and the ability to react of the different 
tissues. 

Clinical findings suggest that osteoai-thritis in the apophyseal joints 
may be caused by chronic infection with Endamoeha histolytica, ^ but 
experimental or histologic proof is not yet available. 

SECONDARY INVOLVEMENT 

Infection may spread from the vertebral body into the articular 
process and thus involve the apophyseal joint.^®’ This is rare since 
the compact bone of the arches and their processes is less easily invaded 
than the cancellous vertebral body. For instance, in vertebral tuber- 
culosis the articular processes usually remain intact even when the dis- 
ease persists for many years (Fig. 7). On the other hand, primarj^ 
tuberculosis of cervical apophyseal joints may spread into the bone.^“ 
The joints may become involved when osteomyelitis localizes in the 
neural areh.^^ Primary osteomyelitis of articular processes without 
involvement of otlier parts of the neural arch was reported very re- 
cently. 

TRAUMA 

Fractures of the articular processes may be combined with fractures 
or compression of the vertebral bodies, ‘ but they are rare as independ- 
ent injuries.^’ Supernumerary ossicles, separated by cai’tilage from 
the main part of the articular pi’ocess, may be dislodged by trauma.^’ 

Gaps in the isthmus may be wudened by postural and traumatic factors, 
which is well Imown to result in spondylolisthesis." The subjacent 
apophyseal joint may then be exposed to increased static stress^® and 
will respond to it by hypertrophic arthritis. Any other abnoi’mal posi- 
tion of vertebrae may lead to similar reactions. 

CLINICAL RELATIONS 

Siuee the vertebral column is composed of many bones wuth numerous 
interacting joints, none of which is easily accessible to inspection and 
palpation, the clinical diagnosis of vei’tebral disease is based on com- 
binations of uncharacteristic findings : pain, local and radiating ; dimin- 
ished mobility; and abnormal posture. Except in the cervical section, 
the apophyseal joints are covered by thick layers of muscles and cutis ; 
their inflammation cannot be recognized by the presence of sw'elling or 
redness ; the pain it elicits is difficult to localize ; and diminished mobil- 
ity, if it becomes evident at all, may be accounted for by lesions of other 
vertebral parts. Eadieular pain may be caused by any morbid process 
that encroaches upon the neui’al foramen. Thus, we cannot expect to 
find pathognomonic signs and symptoms. 

Like arthritis of other joints, apophyseal arthritis (spondjdarthritis) 
is associated wnth local iiain durmg active phases.^^’ "Wlien the in- 
tlammation is ai-rosted, or when bouj- anlvjdosis prevents further irrita- 
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tion, local pain usually subsides. This is quite evident in rhizomelic 
spondylosis. The pain is due, at least in part, to muscle tension over 
the involved joint. When numerous apophyseal joints are affected, a 
large section of the back shows this muscular guarding and the back is 
then held stiff eonstantljq even during rest at night. This is probably 
responsible for the fact that ankylosis takes place later in the ijosition 
of extension, such as in poker back. No other direct influence of 
spondylarthritis upon the position of the spine can be found. Pressure 
upon nerve roots- may be caused bj^ swollen joint capsules, by exostoses 



O 1 0../I R -Mobility of cervical spine in two cases witli tliinning of fourtli and 

disks Extreme flexion and extension. In the first patient (d and 
fifth inint spaces at the level of the flattened disk arc narrow and the 

B) the bounded (discogenetic spondylarthritis) ; the segments invoivod 

m-e"alnmst immov'able. 

, articular processes, or by calcification of periarticular tissues;” 
'Pfore si"ns and symptoms of radicular neuritis may occur at vari- 
es stages of the arthritic proenss and pei-sist after the inflammation 

^"‘^r^nnSttii of normal and pathologic mobility of the column cannot 
ilie ques involved as to nece.ssitato a separate repoi-t.= ' 

be discussed h , jg almost inviirialily dimini.shed in sec- 

It may be stated t ^ n-hormlu Timny nthpr 

tions which contain a 


diseased apophyseal joint; whereas, many other 
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vertebral lesions may and do fail to impair vertebral movements. Foi 
example, in segments with thinned disks flexibility usually lemains nor 
mal as long as the apophyseal joints at this level are not affected (Fig.^ 8). 

Backache, stiffness, and radicular pain are caused by certain lesions 
of the spine more frequently than has been appreciated ui the past; 
this, liowever. has perliaps been overemphasized in recent reports, not 
excluding my omi. It has to be borne in mind that extensive lesions ot 
the vertebral colmnn may fail to cause any clinical manifestations." 
Certainly pain in the back and limbs may occur, recur, or persist in the 
absence of any vertebral anomaly ; yet growing experience seems to show 



Fie. 8 C ana D . — In the second patient (C and D) the apophyseal joints are not in- 
volved, and mobility is normal in spite of the thinned disks. The pictures are so taken 
and reproduced that the vertebra marked by x keeps the same position during the 
movements. 


that, when clinical symptoms coexist with a demonstrable vertebral 
lesion, the nature and severity of the cluiical manifestations depend to 
an appreciable degree upon the involvement of the apophyseal joints.’^' 
Local pain or tenderness of a vertebral segment, associated with rigidity 
of the section involved, usually means that one or several of the apo- 
pliyseal joints at this level are involved either primarily or secondarily. 

CONCLUSIONS 

Tile apophyseal joints may be involved by the various forms, phases, 
and combinations of arthritis in the same manner as the small joints of 
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Nutritional Disturbances in Surgical Practice 

T TNTIL relatively recent times many surgeons regarded metabolic 
^ and nutritional disturbances as matters far removed from their 
province and of limited practical significance in the management of 
surgical disorders. The changing* trend of the times is apparent in the 
character of numerous articles rvliieh have appeared in this and other 
journals ; it is now generally known that a number of common abdomi- 
nal ailments are not infrequently attended by deficiency states which 
have a profound influence on the course of the disease and upon the 
surgical risk. The occasional developinent of pellagra in cases of long- 
standing pyloric obstruction and the relatively frequent occnn’ence 
of hypoproteiuemia and nutritional edema in cases of disturbances 
in the continuity of the gastrointestinal tract may be cited as illus- 
trative of this fact. 

Disease processes atfecting the small intestine offer even more of a 
hazard in this respect; here multiple deficiency symptoms are, as a 
rule, apparent and the nutritional disorders may, in fact, overshadow 
the primary disease. The elimination of the absorptive function of 
considerable portions of the small intestine by inflammatory lesions, 
bj’’ resection, or by short-circuiting operations of various types is 
capable of producing every grade and type of avitaminosis and nutri- 
tional disorder. Mackie and Eddy^ have recently published a report 
of a patient with regional ileitis who at various times gave evidence 
of scurvy, tetan}^ peripheral neuritis, and hjqjoprothrombinemia, the 
latter being due to vitamin K deficiency,- in this individual the concen- 
trations of carotene and vitamin A in the blood were also greatly re- 
duced. In this same connection one recalls the curious maeroeytie 
h3"perehromic type of anemia associated with intestinal strictures 
which may M^ell be due to failure of the absorption of the antiper- 
nicious anemia principles. Patients suffering from chi’onie intestinal 
disorders or even from chronic iJaiicreatie insufficiency with steator- 
rhea may suffer from the more or less complete clinical syndrome of 
sprue, long- noted for the number and variety of metabolic disturb- 
ances associated rvith it. The fundamental defect in each instance 
is, of course, failure of normal absorption in the small intestine. 

For exactly the same reason, gastrojejunoeolic fistulas maj^ also be 
responsible for a variety of deficiencj- syndromes, especiall}- if thej^ are 
of large caliber and of long duration. In one selected group of twelve 
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sueli cases in which the patients died after oiieratiou, nutritional 
edema was encountered seven times; tetany, glossitis, and pellagra 
each three times; and a hemorrhagic diathesis, caused by failure of 
absorption of vitamin K, four times.- Patty metamorphosis of the 
liver was a feature in eight of these eases, a faet which is of particular 
interest when one recalls the rather constant finding of a fatty liver 
in eases of fatal iiellagra. Whether the changes in the liver are due 
to deficiencies in the absorption of choline and its derivatives, or 
whether defective utilization of nicotinic acid may play a role cannot 
be stated with certainty. The added surgical risk imposed by a 
hepatic lesion of this type and by the actual or latent prothrombin 
deficiency need not be emphasized. The cases cited above, of course, 
are extreme examples, but they do indicate the necessity of consider- 
ing actual or potential nutritional disturbances in the treatment of 
patients with intestinal lesions. 

The so-called subclinical vitamin deficiencies which may be present 
in certain affections of the abdomen recpiiring surgical treatment are 
not sufficiently well recognized to ivarrant detailed consideration at 
present, although they are doubtless of clinical importance. It may 
be said, however, that many individuals, because of long illness and a 
limited diet, are dangerously close to a "defieiencj' level" in respect to 
one or more vitamins. The added insult of an anesthetic and a sur- 
gical procedure, and the further reduction in food taken during the 
postoperative period, may precipitate a dangerous avitaminosis. This 
is particularly likely in respect to the “koagulations vitamin" Avhich 
is stored onl}' in small quantities and for which a critical level of 
deficiency is so easily attained. It is less true of the antineuritic 
vitamin, the body stores of which may l)e exliausted only after somewhat 
longer period of time. 

Without succumbing to the importunities of those who liave vitamin 
products to sell or without becoming unduly conscious of minor varia- 
tions in the concentration of certain vitamins in the blood and urine, 
the surgeon can do much to advance the knowledge of deficiency states 
and at Ihe same time do his patient a great service by keeping watch 
for the early signs of nutritional disturbances and treating them ade- 
tely They”may not be encountered frequentijq but even their 
rare ocmirrence is of the greatest surgical significance. 
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Suction Drainage in the Management of Intestinal Obstruction 

T he REMOV AL of material by means of suction from the gastro- 
intestinal tract in acute intestinal obstruction lias become so wide- 
spread in its application that it is frequently referred to as a form of 
treatment for this condition, rather than as a method for decompres- 
sion of distended intestine. To those responsible for the introduction 
and populai'ization of suction drainage, the procedure has been consid- 
ered a means of effecting decompression of the bowel and not specificallj’’ 
a method of treatment of intestinal obstruction. Wangensteen and his 
associates liave clearly stated the limitations as well as the advantages 
of suction drainage applied to the tlierapy of intestinal obstruction and 
have emjihasized the importance of control of distention in treatment. 
That it has occasionally been misapplied or badly handled by those lack- 
ing an understanding of the general problems involved, the details inci- 
dent to, or the patience necessaiy for the application of the procedure 
is no fault of the procedure nor of those who have found it indispensable 
in the treatment of intestinal obstruction. 

Distention, long recognized as a dominant diagnostic feature of uncom- 
plicated intestinal obstruction, has not received adequate consideration 
as the main factor responsible for lethal pathologic changes in the pa- 
tient. iluch interest has been displaj'^ed concerning toxemia, dehydra- 
tion, and shock as causes of death, but tliere has been a tendency to con- 
sider lightly the role of distention in initiating these grave phenomena. 
Within the past ten years there has been adequate proof from clinical 
as well as laboratory obsei'vations to indicate that, even in the presence 
of complete obstruction, toxemia or shock does not occur if distention is 
controlled and strangulation is not a factor. Any attempt to differ- 
entiate between operative and nonoperative methods of treating intestinal 
obstruction indicates a lack of understanding of the general problem. 
Intestinal obstruction is not a single clinical entity but a variety of 
problems associated under one heading because of common features ; i.e., 
the inability of the intestine to propel its contents untrammeled through- 
out its entire length and the early development of distention. 

The lack of appreciation of the importance of the control of disten- 
tion in intestinal obstruction has contributed to the high mortality of this 
condition. Removal of intestinal content by suction drainage is but a 
simple and efficient means of overcoming one very basic factor in intes- 
tinal obsti'uetion. The level at which suction is exerted depends on the 
needs of the patient. The majority of eases may be decompressed by 
means of a eatlieter placed into the duodenum. The nearer the obstruc- 
tion suction is exerted, the moi-e efficient decompression is likely to be 
Suction exerted just above the obstructed area decompresses the bowel 
as efficiently as enterostomy performed at the same point and has the 
same advantage with regard to feeding the patient. The mortality and 
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morbidity ascribable to intestinal intubation is decidedly less than in the 
case of enterostomy, and the method is more certain of accomplishing 
results. 

Treves (1884) condemned the \ise of enterostomj’^ on the basis that it • 
did not relieve the obstruction. More modern writers have expressed 
the same viewpoint, but it ought to be empliasized that enterostomy, lilce 
suction drainage, is but a means of relieving distention. In adynamic 
ileus enterostomy is more likely to increase the ileus than diminish it. 
Enterostomy for small bowel distention has become a rare procedure, due 
chiefly to the realization that distention may be controlled as well by 
suction drainage and with less danger to the patient. 

Control of distention is but one phase of the management of intestinal 
obsti’uction. The control of dehydi’ation by the administration of fluids 
and salt is not considered a method of treatment in intestinal obstruc- 
tion, yet it is quite an essential part of the problem of therapy, as is 
blood transfusion. Removal of an obstructing lesion is of major impor- 
tance but should be done after the patient has been prepared for opera- 
tion. Suction drainage applied to whatever le^'el of the intestinal tract 
necessary to accomplish results is the most dependable and safest pro- 
cedure available for the control of distention. The fact that in many 
cases adequate decompression suffices to relieve the obstruction does not 
alter the fact that actually suction drainage is but a means of controlling 
distention. As such it plays an indisimnsable part in the program of 
management of intestinal obstruction. 

— Charles G. Johnston, M.D. 

Detroit, Mich. 


The Clinical Relationship of Pancreatic Disease to Fatty Infiltration 

of the Liver 


T 


HE ESTABLISHMENT of fatty infiltration of the liver and pan- 
creatic disease (fibrosis and necrosis) as a clinical entity is another 
of the innumerable examples of successful application of experimental 
data to the better understanding of disease in the liuman being. For 
th most part the recognition of the disease in the human being was 
denendent upon the experiments of Fisher^ and Allan and associates^ 
7iQ94i who demonstrated tliat pancreatectomy in dogs led to death of 
^ • 1 two to eight months with fatty infiltration of the liver, in 

the animal administration of insulin, but that death and fatty infiltra- 

f the liver could be prevented by feeding raw pancreas. Hershey 
tion of the ^ animals could also be saved by feeding 

and associates n ^ ‘ important contributions made to 

lecithin and ^ Dragstedt and associates' that an alco- 

the subject was the lipocaie by them, would prevent or cure 

holic extract of pane , pancreatectomy, 

fatty infiltration of the me 
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Pathologists ai’e aware of the fact that fatty infiltration of the liver 
(without eoncomitant pancreatic disease) is a very common lesion, hut 
that the exact mechanism of its development is unknown, except in the 
instance of the lesion herein discussed, which is a rather uncommon dis- 
ease. In general, it is agreed that fat is deposited in the liver subse- 
quent to certain types of hepatic damage. However, in the pancreatic- 
hepatic syndrome under discussion we have no evidence of the produc- 
tion of hepatitis by the pancreatic disease ; it would appear more reason- 
able to explain the fatty deposit in the liver in this instance on the 
assumption that in certain types of pancreatic disease an important sub- 
stance (named lipocaie bj'’ Dragstedt) which is necessary in fat metab- 
olism is no longer produced by the pancreas. 

Much credit is due Snell and Comfort® for establishing the impor- 
tance of the pancreatic disease to the fatty infiltration of the liver in 
adults. In analyzing six cases I’eported in the literature and one I 
encountered, it is apparent that numerous types of processes may be the 
primary lesion responsible for the pancreatic damage. In two of the 
three eases reported by SueU and Comfoi’t, pancreatic lithiasis appears 
to have been the major etiological factor. In the case I encountered, gall 
bladder disease (cholelithiasis) appears to Jiave been the initial lesion, 
producing a pancreatitis, ^vhieh in turn gave rise to the fatty change in 
the liver. Gall bladder disease is present in two or three of the other 
cases available for study, but it is difficult to determine whether this was 
the direct cause of the pancreatic lesion. It is Avell known that gall blad- 
der disease is present in SO to 90 per cezit of patients with, acute pan- 
creatitis. Even though it is obvious that fatty infiltration of the liver is 
not commonly associated with this type of pancreatitis, it is my opinion 
that, after a large series of patients Avith panci’eatic-hepatie disease are 
stixdied, gall bladder disease Avill stand out as one of the most important 
etiological factors in adults. Tlie mere fact that fatty infiltration of 
the liver is rarely encountered in the acute edematous and hemorrhagic 
types of pancreatitis does not eliminate these Avell-lmoAvn types of pan- 
creatitis from the pathogenesis in the pancreatic-hepatic syndrome, since 
it takes weeks or months for the fatty infiltration in the liver to develop. 

The manifestations of the so-called pancreatic-hepatic syndrome are 
dramatic, although a few are insidious and obscure. Weakness and 
malaise are perhaps the earliest symptoms ; mild epigastric pain and dis- 
tention are common. Nausea and A'omiting may be complained of. 
Steatorrhea is usually present but not ahvays. Absence of panei-eatie 
enzymes in the duodenal secretions is \-ery helpful in establishing the 
diagnosis, but probably not a necessary finding. At least in the adi’aneed 
eases, one of the most constant findings Avill be enlargement of the liver 
incident to the fatty infiltration in the liver. Diabetes of a peculiar tvne 
may be present. AVith the information available at the present time, it 
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morbidity aseribablc to intestinal intubation is decidedly less than in the 
case of enterostomy, and tlie method is more certain of accomplisliing 
results. 

Treves (ISSl) condemned the use of enterostomy on the basis that it • 
did not relieve the obstruction. More modern writers have expressed 
the same viewpoint, but it ought to be empliasized that enterostomy, like 
suction drainage, is but a means of relieving distention. In adynamic 
ileus enterostomy is more likely to increase the ileus than diminish it. 
Enterostomy for small bowel distention has become a rare procedure, due 
chiefly to the realization that distention may be controlled as well by 
suction drainage and with less danger to the patient. 

Control of distention is but one phase of tlie management of intestinal 
obstruction. The control of dehj'dration by the administration of fluids 
and salt is not considered a method of treatment in intestinal obstruc- 
tion, yet it is quite an essential part of tlie problem of therapy, as is 
blood transfusion. Removal of an obstructing lesion is of major impor- 
tance but should be done after the patient has been prepared for opera- 
tion. Suction drainage applied to whatever level of the intestinal tract 
necessai'y to accomplish results is the most dependable and safest pro- 
cedure available for the control of distention. The fact that in many 
cases adequate decompression suffices to relieve the obstruction does not 
alter the fact that actually suction drainage is but a means of controlling 
distention. As such it plays an indispensable part in the program of 
management of intestinal obstruction. 

— Charles G. J ohnston, M.D. 

Detroit, Jlieh. 


The Clinical Relationship of Pancreatic Disease to Fatty Infiltration 

of the Liver 

T he ESTABLISHilENT of fatty infiltration of the liver and pan- 
creatic disease (fibrosis and necrosis) as a clinical entity is another 
of the innumerable examples of successfifl application of experimental 
data to the better miderstanding of disease in the human being. For 
tl e most part, the recognition of the disease in the human being was 
dmendent upon the experiments of Fisher^ and Allan and assoeiates= 
nQ94^ who demonstrated that pancreatectomy in dogs led to death of 
, • oi two to eight months with fatty infiltration of the liver, in 

^ the administration of insulin, but that death and fatty infiltra- 

/tUp liver could be prevented by feeding raw pancreas. Hershey 
tionof the ^ ^ animals could also be saved by feeding 

and associates n important contributions made to 

lecithin and ® .g^.y bv Dragstedt and associates^ that an alco- 

the subject was lipocaic by them, would prevent or cure 
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fatty infiltration of the U^e 
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CONBUCTED BY ALFRED BLALOCK, M.D. 


LOBECTOMY POE, BRONCHIECTASIS 
Brian Blades, M.D., St. Louis, Mo. 

(From the Chest Service of Barnes Hospital and the Department of Surgery, 
Washington University School of Hedicine) 

T he extirpation of the diseased portion of the lung as a treatment 
for bronchiectasis was considered as early as 1881, when Glnck^ and 
others performed animal experimentations with lobectomy. In 1901 
HeidenhaiiP was credited with a successful ease in man. A quarter of 
a century later, however, the feasibility of radical surgery for bronchiec- 
tasis was still in doubt, both lieeause of high operative mortality and 
the failure to achieve entirel}’’ satisfactory clinical results in surviving 
patients. 

In 1932, Graham, Singer, and Ballon* collected data concerning 212 
cases of bronchiectasis treated by lobectomy. The operative mortality 
for the entire group was 34 per cent and only 47 per cent of the sur- 
vivors attained complete symptomatic relief. In the larger and more 
representative series the operative mortality approached 50 per cent. 
It is understandable why considerable courage was necessary on the 
part of both the patient and the surgeon when lobectomy was under- 
taken a few years ago. 

The almost incredible improvements in the surgical treatment of 
bronchiectasis which have occurred in the jiast decade are best illus- 
trated by including samples of recent statistics on lobectomy reported 
by various surgeons throughout the world. It is noteworthy that Sauer- 
bruch, Graham, and Churchill’s cases are included in the statistics col- 
lected in 1932 and it is now possible to cite the results of the same sur- 
geons eight years later. 

In England Edwards^ has reported 166 cases of lobectomy with a 
mortality rate of 12 per cent. Only 2 deaths occurred in his last 54 
eases. Sauerbruch,* of Germany, reports a 12 per cent mortality in 58 
cases. At the Norwegian State Hospital, Oslo, Holst* has performed 
12 lobectomies with 1 death. This fatality occurred in a case of bilateral 
bronchiectasis. The patient survived the first lobectomy, but died after 
the operation on the other side. In this country Churchiir has reported 
84 cases with a mortality rate of 4.7 per cent. Sixty-six instances of 
unilateral lobectomy with only 1 death are included in his group. 
Graham,® O’Brien,* Lindskog,’® and others have reported series of 
eases with mortality rates of approximately 5 per cent. It is safe 
to conclude, therefore, that in competent hands an operative mortality 

710 


718 


SURGEKY 


appears that pancreatic disease (fibrosis and . necrosis) is a prerequisite. 
Rosenberg® and Snell and Comfort® have demonstrated the efficacy of 
lipocaic in treating the disease. 

Fatty infiltration of the liver associated with pancreatic disease of a 
fibrotic type is well luiown to pediatricians and quite common ; it is Imown 
as congenital pancreatic steatorrhea. In this group of cases congenital 
anomalies, such as absence or atresia of pancreatic ducts, appear to be 
the most important of the etiological factors. So far as could be deter- 
mined by my perusal of the literature, no one has suggested that this 
disease and the fatty liver secondary to pancreatic disease in adults are 
related. However, the clinical manifestations are identical; the only 
difference of significance appears to lie in the etiological factors. Al- 
though pancreatic lithiasis and gall bladder disease are the most obvious 
factors in the production of the pancreatic disease in adults, it is very 
likely that congenital anomalies, such as steifosis of ducts, may finally 
result in the prodiTCtion of enough pancreatic damage to give rise to the 
disease later in life. For these reasons it appears Justifiable to conclude 
that congenital pancreatic steatorrhea and the pancreatic-hepatic syn- 
drome (fatty infiltration of the liver and pancreatic fibrosis) of adults 
are the same disease. Because of growth demands made by the child’s 
body, there may be more nutritional dysfunction including vitamin de- 
ficiency in the disease in childhood; however, the ma.jor points of differ- 
ence are the etiological factor and the age of the patient. 
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disease, it was not until twenty-seven years later that 
Porestier- introduced lipiodol and furnished an accurate method 

localizing bronchiectasis in the living patient. „ i u + nt 

As- mJny of the improvements in the results of lobectomy are at- 
tributable to expert interpretation of liP-^«\^rt'"ZbroncMa" 
better understanding of the surgical anatomy o t e laci 
tree, it is important to direct attention to certain facts concernin the 
localization of bronchiectasis which in the past have no een app 

"'¥ht' conception that bronchiectasis is primarily a disease of the lower 
lobes is undoubtedly responsible for many unsatisfactory remilts of 
lobectomies for bronchiectasis. The common combinatmn ® ^ 

ment of the lingular division of the left upper lobe and the right middle 
lobe in association with bronchiectasis of the eoriespon in,, owei o 
has been emphasized recently by several authors. In 49 
to lower lobe lobectomy by Churchill,^' 33 per cent o e pa le 
had involvement of either the lingula of the left uppei o e or o 
right middle lobe. O’Brien® cites 11 cases of unilateral bronchiectasi , 

4 of which showed bronchial dilatations in the left lingular bronchia 
division or in the right middle lobe. In 47 cases of lower lobe bron- 
chiectasis studied by Myers and Blades,’® 57 per cent o t e pa len s 
with left lower lobe bronchiectasis also had involvement of the lingula 
of the left upper lobe. Right middle lobe bronchiectasis was present 
in 59 per cent of the patients who had diseased right lower lobes, ihe 
combination of left lower lobe bronchiectasis and bi onchieetasm o le 
lingula of the left upper lobe is so frequent that ChurchiU and Belsey 
consider segmental pneumonectomy a more appropriate escrip ive 
term than lobectomy when left-sided lesions aie encounteie . n 
their excellent article they describe the surgical anatomy o tie 
lingula of the left upper lobe and further emphasize the frequency 
of bilobar involvement. Sauerbruch®® had noted this frequent cis- 
tribution of bronchiectasis in a study of autopsy specimens before 
lipiodol bronchograms were available. Unfortunately, his obseium- 
tioiis did not receive the attention they deserved. Neither technical 
difficulties nor operative risks are increased by removing the lingula 
of the left upper lobe or the right middle lobe when the coriespond- 
ing lower lobe is resected. Failure to excise all of the diseased tissue, 
of course, will result in unsatisfactory clinical results. 

Various methods have been suggested for the administration of 
lipiodol, but it is of no great importance which technique is employed 
so long as each segment of the lung is visualized and the bronchograms 
are interpreted properly. Goldman and Adams®’ recently reported a 
method of endobronchial probing through a bronchoscope by which each 
bronchial segment may be visualized separately. The introduction 
of the oil by tracheal puncture or by means of a nasal catheter has 
been advocated also, "\Ve are of the opinion, howevei", that the ad- 



720 


SURGERY 


of ] 

modern lobeeln"'" **'"*' '” ''*’''® “f U>e miifol'T •'•Uporeiit 

ttepresent L, ; T‘'“"'» teclmirp.e is ft, ®”°'^ ‘'“"“s '*'»»* 


application op pnvr.., 

r‘“““7 f “moacic a,„;.,.j. atr/ "'“ '™''' "PWeiated by lie 

inlrodueed Hk ' nelat™””'"™''' “mmalionr pri904°s“‘'‘"f‘‘ 

by i¥eyei->= i„ ii, ® Pressm-e chamber Th^' , ^''^'ei'bnieh” 

Meltzep and Aiier'^ in long ^ 

ts use, however, was limited and h\ “itratracheal anesthesi'i 

nitiatzacheal anesthesia was widely operations that 

HiT°r’ o^orgeneies stimulated veseT-^h ' ■ ^”™8’ ‘bis same 

the chest zvhieh resulted in the establish Physiolooy of 

niflueneed the whole future of thoi ,0""? P^eiples ^Lh 

important of these, from the surgical standn^-^i '"os‘ 

Cxraham and Bell- on the effect of altm^r ^ of 

mtratnoracic operations and the relationshLs P^’easures in 

and vital capacity. The general appreciatim! f 7^'" P«eumothora.x- 
principles elucidated during this period make .n r^'^^’^ance of the 
of the physiology of the chest unnece-ssary 17 discussion 

to realize that modern thoracic surgery mav I however 

the time of the first world war, and its i-apicl P^Perly from’ 

measure been dependent on the fundamentaT°”“^^^ barge 

learned at that time. Once the effects of ope,, Physiology 

circulation and respiration ivere understood and • ’‘’'''‘'’'^‘omy 0,1 i/,c 
nique perfected to control intraiiulmonarv m-,. . anesthesia tech- 

way, subsequent progress m thoracic su,-rxerv u-,.. • , P''<'iefieal 

. *'€is rapids 

UIPROVE.UEXT.S IX DI.VOXOSTIC STl'IJV OP Til,-; UKOSCIII u 

nnrrh ffneiitcnii ’s- discovery of the .\-rav i„ 2,so.- 

nportanf refiucmeiil in ,1:’* '",i,k.s the m- 


Although Koentgen’s- .. 

troduction of the most inqmrtanf refinement in (he 1 , 

'“•mitosis ol ehost 



^ o^-n ,,,, '2 

oi the lijjJj^'^'P^tion. Cii^/^’-^ ^»Jrfd/e Joj/^ ^acZ • 



"^'Sfif a„ 




'"' 5, ’47 ’■»<!£ S" ^'"'■•m-. 7cl“° 



722 


SURGERY 


jninistration of lipiodol by the simple aspiration method described 
by Singer^- is preferable to the more elaborate and time-consuming 
techniques. 

Lipiodol bronchograms which are prepared in the frontal projection 
will not furnish satisfactory delineation of the lingular bronchus on 
the left or the middle lobe on the I'ight. It is necessary, therefore, 
to combine frontal and lateral projections with independent filling of 
the bronchi of each lung, made at intervals long enough apart to allow 
evacuation of the oil from the lung first visualized, or to employ 
oblique projections of each side. Bronchograms prepared in the 



1 T ininflol broncliogyam taken in left anterior obliriue luo jection < right poa- 
Note clear delineation of right middle lobe. It was nccr.ssary to rc- 
lot^^r anlfnm lobes in tbi.s case. 


oblioue position offer two advantagc.s .■ (1) Both liing.s may he filled at 
siimle sittiim without difficulty in tlistinguishiiig each bi-onc!ua! .seg- 
Lnrmid secondary division. (2) Only two .x-ray films need to ho os- 
Zseias contrasted to twice that number when a eombinntim, of 
‘ \ ,1 loferil nroieetions are utilized. A lironehogiam taken m 

fronta position (left po.sterior obihpie) is employe.l 

the right at bronehial tree. The left anterior 

orrWirposterior oblique is neee.ssary to demonslr.-ife the ri-hf 

bronchial segmeut i,ivolvement other tlmn tlie lower lobe are 

Instances of .pigss bas reported a sueee.ssfnl middle lobe 

not uneominou. •• 
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exceptionally older) with bronchiectasis which is reasonably loca 
and infected, and in whom there are no serious general contiaind 
tions, should be considered as candidates for radical excision 
portion of the lung affected. ’ ’ 


PREOPERAITVE PREPARATION EOR LOBECTOMY 

The preoperative program is designed to decrease at least temporarily 
the amount of pus in the broncliiectatie dilatations. The measuies ^ 
ployed for this purpose are similar in various thoracic clinics, and it is 
impossible to know whom to credit for the originality of various details 
in the preoperative and postoperative management. For convenience, 
the methods which I have followed at the Barnes Hospital Chest bervice 
in association with E. A. Graham will be described. 

The association of chronic nasal sinus disease with brone oir ea was 
first noted by Thomson in 1914.='“ Practical application of this observa- 
tion was later suggested by Graham and Singer,®^ who advocate a e 
quate treatment of infected nasal sinuses in all cases of bi one nee asis 
and found that there was usually an improvement in the patients 
general condition and diminution in the amount of sputum. eie ore, 
in patients who are considered suitable subjects for lobectomy t le rs 
precaution is adequate treatment of infections of this nature. 

The second important preliminary to lobectomy is the institution of 
postural drainage supplemented by bronchoscopic aspirations. The 
value of bronchoscopy cannot be overemphasized. Not only is dia^ostic 
information concerning possible foreign body, neoplasm, and localization 
of the lesion essential, but the temporary improvement following 
bronchoscopic aspiration of pus will often convert the poor risk patient 
into a reasonably good candidate for a lobectomy. However, when im- 
provement follows a series of bronchoscopic aspirations, it must be re- 
membered that no proved case of bronchiectasis has been cured perma- 
nently by this method. Patients should be informed of this fact and 
made to realize that the risk of lobectomy is proportionate to the amount 
of active infection in the lungs, and that the optimum time for operation 
is when sjanptoms are minimal. The number of bronchoscopic aspira- 
tions which will be required depends largelj’' upon the amount of 
purulent secretion and the patient’s general condition. 

Compression of the lung by artificial pneumothorax preliminary to 
lobectomy has been advocated and employed roiitinelj^ in many clinics. 
It is doubtful, however, that effectual evacuation of pus-containing 
bronchi can be accomplished by any form of collapse therapy, and, al- 
though the danger is not great, accidental puncture of infected lung 
during the introduction of air may result hi serious complications. The 
benefits of pneumothorax in causing gradual accommodation to altered 
intrapleural pressures encountered during the performance of the opera- 
tion is of doubtful value. It is probable, therefore, that artificial 
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Even if tin’s were not the case, relief of mental and physical handicaps 
endnred b.v individuals wlio regularly cough up foul sputum sliould 
justify any procedure which is not accompanied by an excessive!}' high 
operative mortality. The failure of medical treatment except as pallia- 
tive, the questionable results obtained witii pneumotliorax, thoraco- 
plasty, and other forms of collapse thei'apy in broncliiectasis establish 
lobectomy as the only completely satisfactory method of 'treatment. It 
is, thei-efore, not so important to define the indications for lobectomy, 
but rather to know which patients cannot be treated safely by radical 
surgical intervention. 


CONTRAINDICATIONS TO LOBECTOJIY 


The age of the patient must be considered, and at the present time 
patients past middle age are not considered suitable rislis for lobectomy. 
The upper age limit will vary in the individual case, depending on the 
general condition and the extent of the disease. Children tolerate intra- 
thoraeic operations particularly well, and for obvious reasons it is desir- 
able to eradicate the disease before irreparable phj-sieal and ps 3 'cho- 
logieal damage is done. 

The presence of other serious conditions, particularly cardiovascular 
disease, of course, will preclude the possibility of lobectomj'. The risk 
of operation is increased if it is attempted in the presence of acute infec- 
tions of the lung, and, unless serious hemoptj-sis forces emergency 
measures, lobectomy should be delayed until the patient is afebrile. 

The extent and distribution of the disease must be considered before 
lobectomj' is recommended. Successful trilobe lobectomy has been re- 


ported by Overholt.-“ Graham-’ has removed successfully the right 
middle, right lower and, eighteen months later, the left lower and lingula 
of the left upper lobe hi a hoy 16 3 'ears of age. Successful bilateral 
lobectomies have been reported by Lewis, Ciuirc]iill,=“ and others. Total 
pneumonectomy for unilateral universal bi'oncliiecfa.sis is now so com- 
mon that it requires no particular comment. It would seem, tlierefore, 


that the amount of lung tissue which may be cxtii-patcci .safely nunst 
be determined by a consideration of vital capacity, the patient ’.s age, 
and other individual factors. In several of m.\- own ca.sc.s of bilateral 
broncliiectasis removal of tlie bronehiectatic portion of Inng on one side 
Ins been followed by so much improvement that the patients have 
decided to postpone operation on tJ.e other Inng. In ever.v instance the 
severely diseased lung was operated upon first, IMieflnr these 
. ail eontinuc to be free of .symptoms cannot be defermined 
i.r has elapsed. Our experiences sn.gest. however, that, 
until moi (.xtensivc bilateral .lisease, e.xtirj.af ion of the 

even m ^ bronchiectatie dilatations is justifiable, 

principal sue article has suiimiarized his indieations foe 

If.dwards* m ^ i.,,. 4 and 40 tani) 


lobectomy 


,, as follows: 


‘Patients between the ages of 4 and 40 land 
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PRECAUTIONS IN THE OPERATING ROOM 

In addition to the complications of shock and hemoiThage which may 
occur during any major operation, the possibility of suffocation from 
aspiration of pus or blood must be guarded against in aU intrathoracic 
procedures. This is a partieularlj'’ potent danger in cases of bron- 
chiectasis, where it is almost impossible to avoid squeezing pus out 
from the bronchial dilatations when the lung is manipulated during 
the course of the operation. In the majority of instances aspiration 
through the intratracheal catheter through which the anesthetic agent 
is administered will keep the airways open. There are occasions, 
however, when sudden flooding of the tracheobronchial tree by pus 
or blood will necessitate emergency bronchoscopy. In a few cases 
where almost constant flooding of the tracheobronchial tree has oc- 
curred, we have administered the anesthetic through the bronchoscope, 
aspirating as often as necessary until the operation was completed. 
A few minutes’ delay in cleaning out the trachea and bronchi may 
result in the death of the patient. It is necessary, therefore, to have 
immediately available in the operating room equipment for broneho- 
scopic aspiration and a capable bi’onehoscopist. By far the most satis- 
factory plan is to have a member of the operating team other than the 
surgeon capable of performing bronchoscopy. This arrangement will 
enable the surgeon to remain at the operating table and to eontinue 
with the operation without delay when the patient’s respiratoiy 
embarrassment is relieved. 

In our own clinic we have adopted a routine for lobectomy cases 
which includes bronehoscopic aspiration immediately before and after 
operation. The purpose of the first aspiration is to remove as much 
of the pus from the diseased lung as possible, the second to evacuate 
any spillover of blood or pus to the contralateral lung which may have 
oceurred during the operation. It is significant that since adoption of 
this program about two years ago we have not had a death from post- 
operative pneumonia or spillover infection in cases subjected to lobec- 
tomy. 

The simple expediency of being prepared for serious hemoiThage 
m all thoracic operations will eliminate, except in unusual instances, 
die danger of fatalities from this complication. Actually, severe 
bleeding rarely occurs during the performance of lobectomy, but 
when it does a few moments’ delay in replacing the blood spells 
calamity. It is our custom, therefore, to insert a needle in an ankle 
vein before the operation is begun through which a continuous flow 
ot pliy.siologie .saline or o per cent glucose .solution may he maintained 
during the eour.se of the operation (Pig. 3), Compatible citrated 
blood is available in the operating room and may be given through the 
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pneuniotliorax in the future may be reserved for cases subjected to 
pleural poudrage, a j)rocedure which will be included in the discussion 
of operative technique. 


ANESTHESIA 


The ideal anesthetic for intrathoracic operations should furnish first, 
and most important, a practical means of controlling intrapulmonic 
pressure; second, facilities for aspirating the respiratory passages during 
the course of the operation; and, third, rapid return to consciousness 
on the part of the patient to prevent abolishment of the cough reflex 
for an extended period of time. Intratracheal administration of the 
anesthetic insures a stable intrapulmonaiy pressure and a means for 
aspirating' the tracliea. Cyclopropane gas provides tlie rapidlj^ revers- 
ible type of anesthesia. 

The introduction of cyclopropane by Lucas and Henderson®- and t!ie 
work of Stiles and co-workers,®® which established it as a reliable and safe 
anesthetic agent, constitute one of the real advances in thoracic surgery. 
This gas answers practically all of tlie anesthetic problems peculiar to 
thoracic surgeiy. In addition to the advantages which have been 
enumerated, the ability to administer a high perceiitage of o.\'.vgen, or, 
if necessary, helium, with eyelopi'opane (60 to 70 per cent oxygen) pei'- 
mits a satisfactory depth of anesthesia and eliminates the anoxemic 
states which in the past were so common when nitrous oxide or nitrous 
oxide-ether anesthesia was employed. Tlie only disadvantage of cyclo- 
propane is that the gas is explosive, and the possible advantage of 
diathermj" or the cautery must be sacrificed when it is used. 

There have been man}- improvements and modifications of the original 


Meltzer-Auer technique of intratracheal anesthesia, whicli consisted of 
alternate insufflation of the lungs under hyperpressure. The most objec- 
tionable feature of this method was the strong positive in'o.ssure which 
was employed and the virtual standstill of the lungs between insuffla- 
tions. Defrise®^ has advocated what he terms a .spiroiuiLsator wliich per- 
mits rhythmical increase and decrea.se of intrabronehial pressure during 
anesthesia, and recently Crafoord'®® has introduced an anesthesia 
machine which provides for automatized controlled respiration. These 
nml other inventions have improved the methods of delivering the 
‘anesthetic agent and have increased the already wide margin of safety 

ill intratracheal anesthesia. , , ,i , ,■ 

T Alao-iU®® and others have reported the sneee.sstu! use o) 

^rr4-il-esia in lobectomy cases. Fieri" has employe.! pei-idnra! 
spina . ‘ has recommended local field block, .\lthongh 

E" ” _ l.w vi,„l will 

tolerate ope intratracheal ane.sthesia, lh(> deliberate choice ol 

pulmonic pressuie • ni.;ieic operations is difflciiK to iiiidiTstand. 

any other method m 
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The advantages of having the imdiseased portion of the lung held 
to the eiiest wall by pleural adhesions have been appreciated for manj’ 
years, and there have been various ty^pes of two-stage operations de- 
signed to promote protective adhesions before the lobe was removed. 
Sauerbruch’"’ inserted paraflfin wax on the parietal pleura after removal 
of segments of several lower ribs in an effort to pi’oduee pleural sym- 
physis. Alexander^^ described a two-stage operation in 1933 designed 
for the same purpose. In the first stage three ribs, the intercostal 
bundles, and the parietal pleura were excised, the affected lobe was 
freed, and the pleura was gently wiped with gauze. The second stage 
was performed ten to fourteen days after the first stage. Churchill,^' 
in 1937, recommended a two-stage operation which involved resecting 
a portion of the eighth rib and division of the adliesions over the affected 



lobe. The parietal pleura in the vicinity of the upper lobe was wiped 
with gauze and the chest closed without drainage. The second stage 
vas postponed for several weeks, and in some instances for months. 
This delay is, in Churehill’s opinion, of great importance, because the 
patient is given sufficient time to recover from the effects of a major 
operation, and, moreover, considei'able time is necessary for the forma- 
tion of pleural adhesions of proper density and strength, hfonod and 
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same apparatus whenever necessaiy. The few instances of severe 
hemorrhage which we have encountered during the performance of 
lobectomy have been controlled satisfactorily by this method. 


TECHNIQUE OF LOBECTOMY 

At the present time, it is impossible to designate the preferred tech- 
nique for lobectomy, and it is hazardous to predict the method whicli 
will he in favor five or ten yeai-s from nouL There is, however, an in- 
creased tendenej" to employ single-stage operation as contrasted to the 



. X- o veavs ago, when the operation was usually divided into 
situa ion jlethods which involve the e.vteriorization of the 

which was allowed to slough aivay gradually have been 
diseased, l ^ surgical resection of the diseased 

abandoned generallj m m 

portion of the lung. 
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RECENT ADVANCES IN SURGERY 

Chiefly: (1) decreased danger of serious hemorrhage; (2) the abimy 
to perform the operation rapidly in subjects who are poor jj) 

avoidance of the tedious dissection through indurated infected tis . 
The disadvantages are mainly the results of mass ligation o a 
large pedicle of tissue. Fortunately, the low blood pressure n 
pulmonary circulation (about 30 mm. mercury) minimizes the dan^ei 
of secondary hemorrhage, and from the standpoint of reliable hemostams 
individual ligation of the blood supply to the lobe is not necessaiy. 
Permanent closure of the bronchus, however, constitutes an entire j 
different problem, and it is in this respect that mass ligation is far iroin 
satisfactory. A leak in the bronchus immediately oi soon a 
operation is serious. Actually, this rarely occurs, and, when a fistula 
develops late in the postoperative course, the danger to the life o le 
patient is slight. Empjmma thoracis is inevitable, howevei, i 
bronchus does not remain closed. The importance of preventing in- 
fections of the pleura following lobectomy can best be emphasized 
by stating that during the past two years every death from lobectomy 
which has occurred in my own cases has been the result of a putria. 


necrotizing empyema. • + 4 . 

It is appropriate at this time to include a word concerning the trea^ 

ment of empyemas which may complicate lobectomies. ^ ® 

ception of adequate and early drainage of the pleui a, we ® 
unable to find any effective way to check such infections. At the 
suggestion of E. A. Graham, blood serum from patients who had re- 
covered from similar infections has been given intravenous y anc 
intramuscularly for the purpose of providing protective antibodies. 
There was no beneficial effect. Chemotherapy in the foim o su am 
amide, sulfapyridine, and lately sulfamethylthiazol has not altered 

the severity or duration of the infections. 

The high incidence of permanent closure of the bronchus and absence 
of empyemas in instances of total pneumonectomy accomplished bj^ 
separate ligation of each structure in the pulmonary hilum has stimu- 
lated us to apply individual ligation technique to cases of lobectomy, and 
in 11 consecutive eases in which this method was employed wc'aie 
privileged to report that only 5 patients developed empjemas. None 
of the infections was of the putrid variety. Minute bronchial fistulas 
could be demonstrated in these same patients only by irrigating the 
empyema cavity with saline solution, and in all instances the fistulas 
closed within two weelis. These results are encouraging, hut more ex- 
perience with the technique is necessary before final conclusions are 
drawii. Certainly there will be cases in which adhesions and induration 
at the root of the lobe will preclude an attempt to dissect out each 
structure. Speed must be sacrificed if the dissection is carried out, and, 
wlien emergencies demand the rapid completion of the oiieration, mass 
ligation with a tourniquet is desirable. AVe feel, however, it is fair 
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Bonniot, Cluii chill/' and others feel that the choice between a one- 
stage or two-stage procedure will depend upon the individual case. In- 
cluded is Monod’s summary of the indications for one- and two-stage 
lobectomy : ° 

One-Stage Operation: (1) Obliterated pleural space. (2) Operations 
on children. (3) Middle lobe lobectomy. (4) Severe hemoptysis. (5) 
Lobar atelectasis. (6) Draining thoracotomy sinus or bronchocutaneous 
fistula. (7) Cutting into infected lung when freeing adhesions. (S) 
Bronchial stenosis. 

Two-Stage Operation: (1) Adults with free pleura. (2) Febrile 
patients with active pneumonitis. (3) Patients treated for a pro- 
longed period with artificial pneumothorax and not having adherent 
upper lobe. (4) Bilateral eases with free pleural space. 

The necessity of performing intrathoracic operations in multiple 
stages to dcerease operating time and thereby lessen the danger of shock 
Or asphyxiation has been practically eliminated by improved anesthetic 
technique and proper preoperative pi-eparation. The choice between 
single- and multiple-stage lobectomy will depend, therefore, upon whether 
or not the value of protective pleural adhesions justifies a major opera- 
tion to produce them. It is entirely possible tliat this controversial point 
will never be settled, as it now seems probable that the comparatively in- 
nocuous procedure, pleural poudrage, will prove a safe and effectual 
method of producing pleural adhesions. 

Pleural poudrage was first performed on animals by Bethune" in 
1935. He found that magnesium silicate to which 0.5 per cent iodine 
had been added (BPC Talc) dusted on the pleura through a broncho- 


scope would create satisfactory adhesions. Gowar^* in England has 
recently investigated the problem of pleural poudrage, using a wide 
variety of chemical irritants on the pleura. He concluded that tlie 
powder originally used by Bethune is entirely satisfactory and can be 
employed safely. The operation has been used by Edwards preliminary 
to lobectomy in 8 adults, and he feels that the effects have been beneficial 


in every instance. The procedure is receiving an extensive trial by those 
who place a large premium on protective pleural adliesions, and it is safe 
to predict that, in the future, pleural poudi-age will supplant open 
thoracotomy as the first stage in two-stage lobectomy. 

Interest in single-stage lobectomies was revived in 1929 by Bviinn*'^ 
who reported 6 cases with 1 deatJi, and liis experiences stimulated others 
to attempt operations in the free pleura witliout protective adhesions. 
The tourniquet, designed by Shenstone and Janes'" to control the hilum 
f the lobe until the structures were secured by sutures, added to the 
nViritv of the one-stage procedure, and in the majority of clinics 

rr technique most frequently employed is probably that of mass 
today th tourniquet, performed 

ligation 0 advantages of the tourniquet technique arc 

in a single siaci- 
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kecent advakges in surgery 
to assume that, when feasible the individual 

lobectomy has distinct advantages over mass h^tion, by ~ 

bronchial closure and reducing the incidence ot postopeiati py 
(Pig 5). 

One of the most important advances in the 
complete pneumonectomy has been the pertec ® fln(-hio- visible 
it is possible to remove all or part of the lung withou f f 

deformity of the chest wall. It is no longer considered 
resect portions of several ribs to obtain adequate exposure foi in 
thoracic operations, and the division of two or three ribs neai then 

posterior attachments or the resection of one lib > ° 

instances, furnish splendid exposure for lobectomy. Fig. 6 reveals the 
contrast in the appearance of the chest wall of the patient operated 
upon twenty years ago for lower lobe bronchiectasis and one on whom 

modern technique was employed. 


POSTOPERATIl'E CARE 

The postoperat’ve care of a patient who has been subjected to lobec 
tomy involves attention to the same details which aie irapor an o oi 
ing any major operation. During the first six or eigit loura a e 
the operation, pulse and blood pressure readings must e c ®cve^ le 
quently and, if there is any tendency toward shock, a tians usion o 
blood should be given. In addition to these precautions it is important 
that the patient be encouraged to cough as soon as he reaets_ from the 
anesthetic. Although it is not absolutely necessary, the routine use oi 
an oxygen tent is desirable because the immediate postoperative 
fort is decreased by the constant, cool, oxygen-rich environment. The 
necessity for frequent change of position must be emphasized to the 
nursing staff. It is our custom to keep the patient on his back or with 
the side which has been operated upon down until all the effects of the 
anesthesia have disappeared. These same positions are encouiaged 
throughout the postoperative course when the patient is sleeping, foi, in 
case the bronchus should open suddenly, fluid might be aspirated to the 
contralateral lung while the patient is unconscious. The catheters rvliich 
have been inserted into the chest at the time of operation should he 
inspected at least twice a day to be sure that they are open and function- 
ing properly. The catheters are gradually shortened throughout the 
postoperative course and, in the uncomplicated case, can be withdrawn 
in three or four weeks. Patients arc usually allowed to be out of bed 
within three weeks, depending, of course, upon the condition of the in- 
dividual case. 

SUMMARY 

In a period of less than ten years the mortality rate of lobectomy 
for bronchiectasis has decreased from approximately 50 per cent to less 
than 10 per cent. In contrast to the questionable clinical results oh- 




Fig. 5. — Postoperative lipiodol broncliogram after right lower lobe lobectomy by In- 
dividual ligation technique. Note complete absence of residual bronchial sttimp. There 
was no postoperative empyema. 



. •„ cosmetic result of lobectomy are noted by contrasting 

5 Improvements . Graham, one (.11 who had hl.s operation tiv,nty 

two patients operated “PO" « lobectomy In lDa». No ribs are now rcinov. d 
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Obstetrical Practice. Bj- Alfred C. Beck, M.D. Cloth. Ed. 2. Pp. S58, with 1,043 

illustrations. Baltimore, 1939, Williams & Wilkins Co. $7. 

This is a second edition of the well-known Beck text. The author states that 
it is designed to satisfy the requirements of the student and the young practi- 
tioner. With this in mind, the subject ib presented as briefly as possible and 
with a dogmatic approach which is probably justified for student consumption. 

The author has introduced several original and effective methods of presenta- 
tion. The book is profusely illustrated, for the most part by the author's own 
drawings. These are mainly directed toward the illustration of mechanical 
problems. In particular, the mechanism of labor is presented by means of illus- 
trations which are effective and make the usual verbal descriptions seem poor by 
comparison. The use of outlines of the subject material to follow will aid the 
undergraduate student in grasping the problem as a whole. 

The expressed intention to avoid irrelevant argument is belied by an excellent 
and up-to-date bibliographj'- at the end of each chapter. This will be of value to 
all readers. 

Many of the special phases of obstetrics have been either written or reviewed 
by outstanding authorities in the fields. This also adds to the value of the 
book. 

Against this maj’- be placed a brevity of description which may be suited to 
the classroom but not to the graduate student. The space given to the non- 
convulsive toxemias in particular is scanty. However, the valuable features 
outweigh this criticism and the book is an excellent one for undergraduate use. 


Textbook of Surgery. 83 - John Homans, M.D., Clinical Professor of Surgery, 
Harvard Medical School. Ed. 5. Pp. 1,272, with 530 illustrations. Baltimore, 
1940, Charles C. Thomas, Publisher. $ 8 . 


Reviewing this book has been a pleasant privilege because it is written in such 
an interesting st 3 'le and at the same time presents an enormous amount of in- 
formation for a one-volume text. The extensive amount of medical and surgical 
histor}' preceding each chapter is an attractive feature to tlie older group of readers, 
but might be considered too long by the student (already overburdened with reading 
assignments) unless he lias no course in medical histor)'. 

The greatest criticism offered by the reviewer lies in the comparative amount 
of space devoted to the respective subjects. In his opinion far too much space 
IS devoted to nourolog 3 - and neurological surger}’. For example, onl 3 ' six and one- 
half pages are devoted to the ver 3 ' important subject of shock and hemorrhage; 
whereas, an entire chapter of slightl 3 - less than nine pages is devoted to the pitui- 
tary gland. Ho doubt the author has allowed sentiment to influence him in his 
extensive consideration of the pituitary gland and other neurological subjects be- 
ciiui.e of his re.spect for the late Harvey Cu.shing, a truly great surgeon worthy of 
a possible credit. But is it .appropriate to allow seutimeut to exert so much in- 
bookr ^ of apace devoted to the various surgical subjects in a text- 
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tained by the operation a few years aon i 

anticipated when lobeetomv ia o i ° i ^ i-esnlts can now be 
which have occurred are not den ^ I'emarkable advances 

niquc or anroZ ^ ^ r dependent on refinements in operative tech- 
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of the disease and r-<nUn,- Pieoperative localization 
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This is a second edition of the well-known Beck text. The author states that 
it is designed to satisfy the requirements of the student and the young practi- 
tioner. With this in mind, the subject ih presented as briefly as possible and 
with a dogmatic approach which is probably justified for student consumption. 

The author has introduced several original and effective methods of presenta- 
tion. The book is profusely illustrated, for the most part by the author’s own 
drawings. These are mainly directed toward the illustration of mechanical 
problems. In particular, the mechanism of labor is presented by means of illus- 
trations which are effective and' make the usual verbal descriptions seem poor by 
comparison. The use of outlines of the subject material to follow will aid the 
undergraduate student in grasping the problem as a whole. 

The expressed intention to avoid irrelevant argument is belied by an excellent 
and up-to-date bibliography at the end of each chapter. This will be of value to 
all readers. 

hlany of the special phases of obstetrics have been either written or reviewed 
by outstanding authorities in the fields. This also adds to the value of the 
book. 

Against this maj' be placed a brevity of description which may be suited to 
the classroom but not to the graduate student. The space given to the non- 
convulsive toxemias in particular is scanty. However, the valuable features 
outweigh this criticism and the book is an excellent one for undergraduate use. 


Textbook of Surgery. By John Homans, M.I)., Clinical Professor of Surgery, 
Harvard Medical School. Ed. 5. Pp. 1,272, with 530 illustrations. Baltimore, 
1940, Charles C. Thomas, Publisher. $8. 

Reviewing this book has been a pleasant privilege because it is written in such 
an interesting style and at the same time presents an enormous amount of in- 
formation for a one-volume text. The extensive amount of medical and surgical 
history preceding each chapter is an attractive feature to the older group of readers, 
but might be considered too long by the student (already overburdened with reading 
assignments) unless he has no course in medical history. 

The greatest criticism offered by the reviewer lies in the comparative amount 
of space devoted to the respective subjects. In his opinion far too much space 
IS devoted to neurologj- and neurological surgery. For example, only six and one- 
half pages are devoted to the very important subject of shock and hemorrhage; 
whereas, an entire chapter of slightly less than nine pages is devoted to the pitui- 
tary gland. Ho doubt the author has allow-ed sentiment to influence him in his 
extensive consideration of the pituitary gland and other neurological subjects be- 
cause of his respect for the late Harvey Cushing, a truly great surgeon worthy of 
all possible credit. But is it approirriate to allow sentiment to exert so much in- 
lluenco on the amount of space devoted to the various surgical subjects in a text- 
book? 
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In the preface to the fifth edition the author states that he has deliberately 
refrained from changing the pagination of the text, ever since the appearance of 
Uie first edition. He thereby implies that our knowledge of the various subjects 
ill surgery, or their importance, does not change enough as the years roll by to 
warrant changing the amount of space devoted to these subjects. Other examples 
of maldistribution of space are noted. For example, the discussion on wounds is 
limited to six pages in the chapter on. surgical technique, except for additional data 
scattered throughout the book in areas where they are not readily found. The 
reviewer is inclined to believe that the subject of wounds is sufficiently important 
to deserve consideration in a separate chapter. One and one-half pages are devoted 
to typhoid fever and only two and one-haif pages to tetanus. In the discussion of 
tetanus no mention was found of the use of active immunization — a subject so 
very important in these Martian times. Surgeons in the southern climate might 
object to devoting only one-half page to lymphopathia venereum. 

The chapters on blood vessels and lymphatics are very well done, as are also the 
chapters on anesthesia and amputations, which represent material added since the 
first edition. Surgery of tuberculosis is discussed in a splendid uiaiuier. 

The chapter on intestinal obstruction is not up to the standard of the rest of 
the book. The reviewer would criticize the author’s weak acceptance of the value 
of Wangensteen suction in the treatment of intestinal obstruction. Doubtful ac- 
ceptance would not have been so inappropriate a few years ago when it was first 
introduced, but the frequent reports of such radical reductions in mortality by 
its use would appear to establish it as a definite aid in the treatment of intestinal 
obstruction. In the discussion of methods of intestinal decompression many surgeons, 
indeed, would object to tlie statement or question appearing on page 93S, reading 
as follows: “For if they are to replace operation, how is it known that, in any 
case, strangulation of iutestiiie is not iwesciit'?’’ Tlie authors writing on the sub- 
ject of intestinal obstruction do not appear to have that luucli difficulty in deter- 
mining the presence or absence of strangulation. 

In the discussion of posterior operation for carcinoma of the rectum on page 
9S6, a statement is made, the latter half of which reads as follows: “ (Lockhart- 
Mummery) carries a low mortality but leaves behind such cancerous nodes as arc 
associated with the proximal portion of the superior iiomorrhoidal artery (page 
969) not a very serious disadvantage.’’ This is presumably a misprint, the word 
“not” being included by error. If not, the statement requires supporting data. 

Kemarkably few misprints or misstatements are found. For this accomplishment 
the author is to be congratulated. As a whole the hook is splendid and will be 
a valuable one for use by the student or teacher. 


principles of Surgical Care: Shock, and Other Problems, By Alfred Blalock, St.D. 

Pp. 323, wit''- 13 illustrations. St. Louis, 1910, The C. V. -Mosby Co. $-1.50. 

T1 ere is probably no one so well equipped to write a monograph on shock as is 
-DT ind he' ha's lived up to expectations in presenting a book wbicb every 

BlaloCK, practitioner of medicine should have. Although shock i.s the 

student an r nionograph, those factors which predispose to the dovelop- 

principal tv ^ prevented, will prevent shock are adequately discus.sed. 

meat of shoe an chapter :i3 regards this point is that on aiie.-4the.sia and 

ilarly ^.[,pptcr on shock is superbly done witli a complete rcvicif 

The author’s own fundamental iiive.stiguti(ms ami a review of 


A particula 
anesthetic agents. 


of the literature. _ , 

2i6 references give a resume 


this subject which is thoroughly complete. Of 
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great importance in the care of patients preoperatively and postoperatively is the 
determination of metabolic and nutritional disturbances and their correction by the 
administration of fluids and electrolytes. Tliis is well discussed from the physiologic 
and physioehemieal aspects. Other postoperative disturbances, such as nutritional 
disorders, including vitamin deficiencies and endocrine deficiencies, as well as post- 
operative pulmonary and abdominal complications, are thoroughly considered. 
Throughout the book the physiologic aspect is always foremost and the rational 
consideration of each condition is discussed. Last, but certainly not least, one of 
the most valuable parts of the entire book is the %'ery complete bibliography. Few 
monographs are so completely done. Because of the completeness of the work and 
because of the author’s vast experience with the subject, this book should be in 
the library of every student and practitioner of medicine. 


Minor Surgery. By Frederick Christopher, M.D. Ed. 4. Cloth. Pp. 990, with 

639 illustrations. Philadelphia, 1940, W. B. Saunders Co. $10. 

To those familiar with the previous editions of this book no recommendation is 
necessary, other than to say that the fourth edition is a worthy successor to its 
predecessors. Tliis last edition comprises 990 pages and is abundantly illustrated 
with both photographs and drawings. The subjects discussed include many things 
which are not usually classed as minor surgery. For e.vample a rather extensive 
survey of the treatment of fractures is given. As is stated in the preface, however; 
“The subject matter deals with those procedures which comprise numerically the 
bulk of all surgical procedures, the ones carried out by the general practitioner, 
the physician who does not have ready access to a large hospital or contact with 
surgical specialists, the younger surgeon, the resident surgeon and the intern.” 
This is an eminently practical book. It will often be referred to when those move 
Or less simple conditions, the proper care of which may have been crowded from 
the doctor’s memory by more complicated and serious matters, are under considera- 
tion. Throughout the book emphasis has been laid on treatment and technique. 
The printing in small type of many paragraphs concerned with technique has made 
it possible to include an unusual amount of detail and certainly increases the value 
of the book. Included at the bottom of appropriate pages are 268 references to 
original articles in the recent medical literature. Practically all the newer concepts 
of surgical treatment have been included to bring the treatise completely up to 
date. These include the various methods of handling wounds, the administration 
of intravenous anesthetics, peritoneoscopy, vitamin therapy, water and electrolyte 
balance, and intermittent venous occlusion. 

However specialized or however experienced the surgeon may be, he will find 
much in this book which will be valuable to him. 


Operative Surgery. Ed. 5. By J. Shelton Horsley, il.D., and I. A. Bigger, SI.D. 

2 vols. Pp. 1567, with 1,391 illustrations. St. Louis, 1940, The C. V. Mosby Co. 

$18. 

The fifth edition of Horsley and Bigger’s Operative Surperp has been changed 
considerably and has been modernized to include many of the newer procedures 
which make the book valuable for the student and the surgeon. Such operations as 
ligation of the patent ductus arteriosus, extrapleural pneumothorax, and many other 
now ones have been included in this edition. The book is well iUustrated and is 
well written both from the standpoint of description and from the standpoint of 
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CONGENITAL PREPYLORIC -MEMBRANOUS OBSTRUCTION IN 
A PREMATURE INFANT* 

Arthur S. AY. Touroff, B.S., M.D., and Ralph j\L Sussman, JI.D., 

New Y’ork, N. Y^. 

(From the New-Born Service of the Jewish Maternity HospUal and the Pediatric 
and Surgical Services of Beth Israel Hospital) 

INTRODUCTION 

A UTIIORITIBS-’ “ agree that, exclusive of hypertrophic pyloric 

^ stenosis, congenital obstructions of the stomach are very rare, 
Pfaundler and Schlossman^ state that they are so uncommon as to have 
no special significance. According to von Reuss'^ such lesioi^, c assi e 
by most authors as atresias and stenoses, are found exclusive y at e 
pylorus. Anders,^ however, states that they may involve the cardia and 
fundus as well. 

Anders^ is of the opinion that congenital obstructions of t e cai la 
can occur only in the form of septa, similar to those noted occasionally 
in the esophagus, but cites no cases from the literature. He states that 
only two cases of congenital occlusion of the body of the stomach have 
tmen reported, one by Aregger and the other by AVendel. In the first, 
obstruction was due to a band of mucous membrane which sprang from 
the pyloric region in association with hypertrophic stenosis of the py- 
lorus. In the second, the lumen of the stomach was divided by a cystic 
tumor derived from an accessory pancreas imbedded in the wall of the 
stomach near the pylorus. Although only a single ease of congenital 
hourglass stomach has been reported (Saake), it is the opinion of Anders" 
that the lesion in question was not of congenital origin. Sternberg and 
Klose (quoted by Anders) concur in this view and doubt the existence of 
congenital hourglass stomach. A’on Reuss” states that he has observed 
only one ease of pyloric atresia, and that Ivreuter was able to collect only 
four eases from tlie entire literature. Anders* emphasizes that, because 

•Prodentcd before tlie joint meeting of the New York Surgical Society and the 
Pliiiadclpliia Academy of Surgery, Feb. 8, 1939, 

Heceived tor publication. Feb. 20. 19-10. 
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In discussing complications of operations in the section on shock and homor- 
ihage, tlie uses of sulfanilamide and sulfapyridine are adequately described. The 
chapter on continuous intravenous injections is particularly well done, as coidd be 
easily imagined because of the interest which the senior author has had in this 
subject. In it are included the importance of preventing hyperproteinemia and 
also the newer use of alcohol as an infusion. Tlie chapter on transfusions is not 
particularly well done, and it is regrettable that the semidirect method by means 
of a cannula is even described at all. The chapter on suturing blood vessels is 
very well done; in fact, it is probably more detailed than is necessary for a work 
of this kind. However, it is difficult to understand why, after sucli an elaborate 
description of arterial suture, nothing is said of the use of heparin in such cases 
to prevent thrombosis. Although the chapter on aneurysms is adequately described, 
nothing is given concerning the method of developing collaterals in aneurysms, 
either by means of the Slatas compressor or by the newer method of treating the 
collaterals by means of blocking the sympathetic impulses. The chapter on causes of 
cicatricial contraction is particularly well done as are the chapters on plastic sur- 
gery in general. The remaining chapters are well done. The cliapter on neuro- 
surgery by Coleman is splendidly handled and leaves nothing to be desired. The 
volumes are valuable and should be in the library of every surgeon. It is unfor- 
tunate that more complete bibliographies are not given at the end of each chapter, 
as this would make the work even more valuable for the student. 


•Injuries of the Skull, Brain and Spinal Cord. Samuel Brock, jM.D., Editor. Clotli. 

Pp. 632, with 03 illustrations. Baltimore, 1940, IVilliams and Wilkins Co. 6". 

This monograph edited l.>y Brock contains twenty-two cliapters on different pimscs 
of the subject, each contributed by different autliors who have been especially in- 
terested in the particular phase. Like most, if not all, monographs compiled in this 
manner, this book is well written and quite completely covers the subject of injuries 
of the skull, brain, and spinal cord. It is not permeated by the opinion or prac- 
tices of one individual, but summarizes the literature and the personiil exiicricnces 
of the authors. This book is the most complete and best text in Englisli on the 
subject. 

Chapter 12, “Kemosis and Psychotic, States”; chapter 13, ‘‘Head and Brain 
Injury”; and chapter 14, ‘‘Simulation (Malingering) in Relation to Injuries of 
the Skull, Brain ami Spina! Cor.l,” together cover approximately 125 pages, but 
only a few paragraphs are devoted to post-traumatic headache, vertigo, and diabetes 

insipidus. 

Chapter 22, 

Spinal Cord,” one 
to injuries of these tis.-mes. 
limited. 


‘‘The Medico-Legal Aspects of Injuries of the Skull, Brain aiul 
would expect to treat medicolegal problems in a-spects peculiar 
It is unnecessarily long, 54 pages, because it is not so 


The ’illustrations arc well rcprod.uwd. Each chapter is accompanied with its 


own bibliography; many 
Eor ready reference. 


,- of these bibliographies are quite extensive, 
this is the best book available on the subjeet. 
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pyloric sphincter “unusually developed.” A posterior gastroenteros- 
tomy was performed, but the child died seventeen days later. At post- 
mortem examination the pyloric sphincter was markedly hypertrophied, 
but, in addition, the mucous membrane of the greater curvature of the 
stomach, at the entrance to the pylorus, was duplicated in such a fashion 
as to form a flap which closed the pylorus completely when attempts 
were made to force fluid from the stomach into the duodenum. When 
fluid was caused to floiv from the duodenum towai’d the stomach, how- 
ever, the mucous membrane flap was forced back into the stomach and 
thus offered no resistance to the passage of the fluid. The unusual ana- 
tomical findings described above explained wJiy bile entered the stomach 
and appeared in the vomitus in the presence of complete pyloric obstruc- 
tion. Whether the obstructing flap was merely a redundant fold of 
mucosa, such as is eommonlj' encountered within the pyloric lumen in 
eases of hypertrophic pyloric stenosis, or whether it represented a sepa- 
rate congenital anomaly is difficult to state. Since an extensive review 
of the literature has failed to reveal a ease similar to the one about to 
be reported, it appears warranted to present the latter in detail. 

CASE REPORT 

B. L., a white female infant, was born at the Jewish Maternity Hospital, New 
York, N. Y,, on Sept. 11, 193S. This date was appro.ximately four weeks in ad- 
vance of the completion of full term. The mother, a native-born woman, 38 years 
of age, whose pregnaucj' was complicated by marked polyhydramniois, went into 
labor spontaneously and was delivered without difficulty six hours later by one of 
ns {R. M. 8.), Her only other pregnancy, seven years previonsly, also had resulted 
in the birth of a premature child who suffered continuous cyanosis and died on 
the third day of life. No post-mortem examination was performed but, in view of 
the paternal familj' liistory about to be presented, the i>0S3ibility of death from a 
congenital anomaly must be considered. 

The infant’s father, wlio was one of three siblings, laid two sisters. Each of the 
latter bore only a single child. Both of these children died in infancy, one of 
cerebral agenesia and the other of mongolism. Thus, three and possibly all four 
offspring (including B. L.) of the patient’s father and his two sisters suffered from 
some congenital anomaly. Accordingly, it is warranted to assume that the develop- 
mental defect observed in B. L. was of paternal origin. Another possibly related 
factor was the existence of marked polyhydramnios during the mother’s pregnancy. 
The frequent association of this condition with congenital anomalies and premature 
birtli is well known, and reference concerning it may be found in practically all 
standard works on obstetrics.''- 

.\t birth, B. L. weighed six pounds and presented no gross external abnormali- 
ties. Iiiitia! cyanosis, however, was quite marked and responded to intensive 
treatment only after a period of five hour.s. No meconium was passed during or 
after delivery. The child was placed upon a feeding formula, which she took 
well. Within a .short time, however, she began to vomit, the vomiting occurrinf' 
toward the end of each feeding. This regurgitation appeared effortless and was 
nonprojeetile in eharaeter. Various ehanges in tlie amount and composition of the 
formula tailed to intiuence the vomiting appreeiabiy, and it soon became evident tliat 
no food was being retained. During the first and second days tlio child had no 
.spontaneous bowel movements, even of meconium; and an enema administered at 
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of the difficulty in differentiating at times between acquired and con- 
genital pyloric atresia, the only eases worthy of consideration os of 
t) uly congenital origin are those encountered during very eaidy life. Ho 
states that only three of the latter eases have been reported, two by 
Hammer and one bj'" Sternberg, and ventures the opinion that they 
might possibly be explained on the basis of an abnormally high atresia 
of the duodenum. 


Von Reiiss'^ divides congenital stenosis of the pjdorus into three types. 
The first is the hypertrophic (Hireclisprung) type, which is too well 
Icnown to require description. The second is the nonhypertrophic (Lan- 
derer-Maier) type, in which the lumen of the pylorus is very narrow but 
lined by inucous membrane, which is normal except for its thinness. Al- 
though this is a true congenital lesion, it seldom produces symptoms 
during childhood. In most instances the symptoms appear fairlj" late in 
life, and operation discloses a pylorus which is narrow without apparent 
cause. According to von Reuss, onlj' one case of nonhypertrophic pyloric 
stenosis has been described in an infant. In this case, reported by 
Schafer, the malformation consisted of a small fistula-like pylorus with- 
out a sphincter. The third type of congenital pyloric stenosis mentiojicd 
by von Reuss includes connective tissue stenoses and anomalies of for- 
mation. These are due to peritoneal bands or adhesions which compres.s 
the lumen from the outside and septa of inucous membrane within the 
lumen. 3Iya (quoted by von Reuss) believes that the former may origi- 
nate in fetal peritonitis, while the latter apparently corresi)ond to the 
congenital occlusions which occur in the remainder of the digestive tract. 
To von Reuss’ three t 3 'pes of congenital p.vloric stenosis, a fourth may 
be added. Thi.s is due to compression of the p.vloric canal by a tumor, 
usually a c.yst, arising from aberrant pan<>reatic ti.ssuc, imbedded in the 
wall. Identical in origin witli the lesion in tlic fundus of the stomach 
reported by Wendel, cj'sts derived from al)crrant j)anercatic tissue and 
occluding the pyloric canal have been reported by Hale," Lyons, “ Biicoff" 


and others. 

Although von Reuss includes septa of inucoiis membrane in his third 
<Troup of ca.ses of congenital p.vloric stenosis, he cites no ca.ses in which 
such lesions were found. A personal survey of tlu> literature likewise has 
failed to reveal a report of such a case. Our interest in this type of con- 
o’cnital occlusion is the result of a recent personal experience in whieii 
R was encountered at opez-ation, in a premature infant izi whom vomit- 
tner commenced at birtlz. Hz our investigatiou of the literature we en- 
”, ^ one other eiz.se in which a biirrizw of iimeous inembrazie 

or - 

was le p 1 1 .,,,^.^ to Oiiz-s, it is of intzuvst. Dcsci-ibed by Homier' 

it eoneemed a I-woek-ohl infant, who resented symptoms of 
m 1J1-. “ unrelieved by intensive medical treatment, 

‘intractable p> ■ found to lie greatly distended and (he 


At operation, the stomaeJi 
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therefore, were assumed to he due to air, 

enemas. These findings indicated the P“ce . P duodenum, 

either the pyloric portion of the stomach or t y question to have 

A film made shortly thereafter (Pig. ) globular in contour and 

become distinctly bilocular. The diste poi lo^ almost to the level 

relatively more distended than previously. proximal portion by a well- 

of the right iliac crest and was separated interpret since it was not 

marked constriction. The findings stil greatly dilated, proximal por- 

elear whether the distal air-filled pouci '®P pylorus, or whether it rep- 

tion of duodenum, separated from t le s om stomach by a 

resented a dilated pyloric antrum separated from the body 
contraction of the musculus sphincter antri. 




, , , t.. n .... u bilocular. Distal pouch (antrum) 

Fig. 2.— Several liour.s iater. ly contraction of musculus sphincter 

UlstendcU and separated from body and fundus u} coul.u 

antri. 


On the fifth day all symptoms continued ami the child lo.st ground steadily in 
spito of tho iidmini.strution of several transfusions and largo quantities of fluid 
hy vein and suheutaneously. At that time the .stomach was aspirated, a small 
amount of thin harium mixture administered by gavago, and x-ray fiini.s taken 
immediately. 



T42 


SURGERY 


the end of the second day residted in the return of only a small amount of color- 
less mucus. In spite of this apparent evidence of obstruction of the gastroin- 
testinal tract, the abdomen was not distended. On the third day, because of 
progressive loss of weight and dehydration and the continuation of obstipation 
and vomiting, she was transferred to the Pediatric Service of the Betli Israel 
Hospital. There, the parenteral administration of fluids was begun. In view of 
icterus, which appeared more marked than was to be expected on the third da)- 
of life, the urine was examined for bile and found positive. Examination of the 
vomitus for bile was negative, as were similar examinations on a number of subse- 
quent occasions. 
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pectoral, axillarj^, and scapular regions as the result of poor absorption of pre- 
viously administered clyses. (Taking into consideration the volume of this 
retained fluid, the child’s weight undoubtedlj’^ was less than 5 pounds,) The 
mouth, tongue, and pharynx were deeply congested and studded with adherent 
white patches characteristic of thrush. The abdomen was not distended and was 
soft throughout. No abdominal masses were palpable and no peristaltic waves 
were visible. During examination the child vomited sev'eral mouthfuls of deal', 
yellowish fluid. Gastric aspiration yielded 40 e.e. of similar fluid which on chemi- 
cal analysis contained no bile. The blood count was as follows: R.B.C., 4,200,000; 
hemoglobin, 160 per cent (due to dehydration) ; W.B.C., 8,900 with 61 per cent 
polymorphonuclear leucocytes. The urine contained a trace of bile but otherwise 
was not remarkable. A rectal irrigation administered at the time, wms totally 
ineffectual. 

Discussion of Diagnostic Features . — On purely clinical grounds tlie 
continued vomiting, obstipation, and ineffectiveness of enemas since birth 
five days previously warranted the diagnosis of a congenital anomaly 
resulting in obstruction of the gastrointestinal tract. The absence of 
bile in the vomitus on all examinations and the lack of abdominal dis- 
tention appeared compatible with a very high ohstniction involving 
either the stomach or the duodenum proximal to the papilla of Vater. 
The very early appearance of symptoms, the sex of the child, and the 
absence of projectile vomiting, visible peristalsis, and palpable abdomi- 
nal mass constituted strong presumptive evidence against the diagnosis 
of congenital hypertrophic pyloric stenosis. 

The presence of bile in the mine, in conjunction with icterus which 
appeared more intense than that usually to be noted on the fifth day 
of life, could be explained in two ways. The first possibility was that 
they were merely an accompaniment of prematurity. According to 
Holt and Plowland," icterus neonatorum may or may not be present 
in normal newborn infants. These authors state that in premature and 
delicate infants, however, it occurs regularly and is apt to be more 
severe and to last longer than normally. They also emphasize that 
bile, which ordinarily is not present in the urine in mild eases, is apt 
to be noted in the more severe cases. The second possibility as regards 
the significance of icterus and bile in the urine, especially in a patient in 
whom one congenital anomaly already was assumed to be present, was 
that these manife.stations were due to the presence of an additional 
anomaly .sueli as an obstructive lesion of the biliary duct system. The 
latter might he either a stenosis due to external pressure or an atresia at 
some point in the duet system. Biliary obstruction of either of these 
types, if complete, would liave accounted satisfactorily for the absence 
of bile in the vomitus. Under such circiunstances the occlusion of the 
gastrointestinal tract, diseus.sed above, might have been situated in the 
duodenum distal to the papilla of Vater or in the uppermost portion of 
the jejunum. The lack of abdominal distention, however, made it ap- 
pear unlikely that the obstruction could be situated distaiiy to the 
latter point. 
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la the previousiy described distai pouch, tiie opaque medium formed u deuse, 
smooth-edged, ovoid shadow, measuring about I 14 by % iiichos. Daring a siion 
period of fluoroscopy, no barium passed beyond tliis point. Films made four hours 
later (Fig. 3) revealed the body and fundus of the stomach to bo greatly dis- 
tended still with air and to contain practically no barium. The dense, ovoid, 
distal shadow had become larger in size and more circular in contour. Barium 
still had not advanced beyond this area, indicating conclusively the presence of 
complete obstruction. \Miether the latter involved the first portion of the duodenum 
or the distal portion of the stomach still was uncertain. However, in view of the 
persistent obstruction, regardless of its exact site, it appeared warranted to assume 
that eoutinuation of conservative therapy would be unavailing and surgical opinion, 
therefore, was requested. 



SncO'ition of b.arfum. n.iriom-fllli'cl antrum r.n.nInM 
Fiff. 3. — Four hours , "JilHtcniti'il fmly tirnl futxlut t>i .if ism of tin- mu.Hinilus 

an^T No 

obstruction. 

1 • bv one of us t.t. r>. W. T. ■ <>ii tlw aftiTimmi of tlw 
When seen in coum U normal. Puls.- and rc-ioratma u.-r.- too riipid to 

fifth day, the fairly .Ic-p. and th.-r.- ut.s cvod.-iw.- of m.sicrat.- 

count with accuracy. > . ^ ,,, on,- ^.-v.-nth 

aehydratiou. The «cig local swelling and .-d.-ma w.-r,- pr.-s.-nt m the 

of the birth weight). 
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^ The complete absence of the passage of meeonium ov stool at any 
time during life could be explained in two ways. The first was by the 
presence of still another anomaly, an obstruction involving the lower 
bowel. The second explanation was that offered by Alverez/ who pointed 
out that the best stimulus to intestinal peristalsis is the passage of gas- 
trie contents through the pylorus into the duodenum. In accordance 
with this theory the presence of complete pyloric obstruction alone could 
account for the failure of our patient to pass meconium. 

Koentgenographic examination confirmed the clinical impression of a 
^1%^! complete obstruction, which, for reasons to be discussed later, ap- 
peared to be intrinsic in nature. The exact site of obstruction, i.e., either 
in the very first portion of the duodenum or in the distal portion of the 
stomach, was uncertain although the latter appeared more likely. The 
examination offered no information in regard to the question of an ob- 
struction of the biliary passages and shed no light on the problem of 
the existence of an additional low intestinal obstruction as seemed quite 
possible from the failure of the child ever to pass meeonium. 

Eegardless of the presence or absence of anomalies in addition to the 
high complete obstruction, immediate operation was advised, for the 
reason that the child was starving in spite of parenteral feeding and 
death seemed inevitable unless the obstruction were relieved. Because 
of the patient's prematurity and generally poor physical condition, a 
bad prognosis was given. 


Operation . — On Sept. 10, 1938, under open ether anesthesia tiio abdomen was 
opened by one of us (A. S. W. T.) through a 4% inch riglit paramedian, musolo- 
splitting incision, wiiioh extended from the right costal arch to a point below tlie 
level of the umbilicus (Fig. 4o). The stomacli, whicli was greatly enlarged, pre- 
sented in tlie wound at once. On exploration it was found to occupy most of tho 
left half of the abdomen, from the diaphragm almost to the level of tho iliac crest, 
and to extend across the midlme to tlie right side. In tho latter region its ujiper 
half was covered by the free margin of the liver. The latter organ, witivli was 
about one-half the size of an adult’s fist, was found displaced entirely into tho 
right side of the abdomen by the distended fundus and body of the stomach 
(Fig. 4). On retracting the margin of the liver upward and laterally and drawing 
the proximal portion of the stomach to the left, the uj)per half of tho distal i)or- 
tion of the stomach and the first portion of the duoilemim were exposed. Thu edges 
of the wound then were retracted widely and tho major portion of the stomacli 
-• alized The viscus measured about 5 by 2t/, inches in its greatest diameters, 
uT fundus and body being demarcated from tho antrum by a fixed contraction 
7 nnsml of the musculus sphincter antri which, in elTect, divided the organ into 
^ ^ The nroximal pouch, consisting of tho body and fundus, measured 

two pouc e aiaraoter. Its walls were judged to be of normal, or 

about d } - A normal, tliickncss. It was distended with air and Haul, 

perhaps sbg J - ... (antral) pouch measured about 1 Vj t>y 

but could be m e roughly globular in shape. Its walls wt'rc* iijijfjrt'ciabJy 

inches in diameter an '|a rjian those of the proximal poach. As the 

tliickcr and ““'I' j^,^scular contraction between the two pouches relaxed 

orgau was handled, ,n,,asuied about Vi inch in diameter, its most proximal 

somewhat. The the dilated antrum. The junction of the 

oortiott widening sligac } CJirked by the pale, glisteuing pyloric ring. Hue 

Lmach and duodenum was cle . 



'rOUROFF AND SUSSMAN: PREPYLORIC 3IEMBRANOUS OBSTRUCTION 749 


gaatrie wall. In order not to narrow the lumen of the gastroduodenal junction or 
the duodenum, a Heineke-Mikulicz pyloroplasty was performed by closing the 
e.xisting horizontal incision in a vertical direction (Fig. 4c and d). Two layers of 
sutures were employed for this purpose; an inner', continuous Connell stitch of No. 
000 chromic catgut, I’einforced by an outer tier of interrupted No. 000 chromic mat- 
tress sutures. After the incision had been closed, gas and fluid could be milked 
readily from the stomach into the duodenum. In order to terminate operation as 
quickly as possible, the abdomen was closed with interrupted through-and- 
through sutures of heavy silk, which approximated the structures of the abdominal 
wall in one layer. 



also proSfn 


PoslojiriiiHvr ( ourse . — Although the immediate postoj)Oralivo reaction was satis- 
factory, a prophylactic transfusion of 00 c.c. of eitrated blood was administered the 
same night. At tlie end of si,\ hours, feedings of o e.c. of glucose in Ringer's 
.solution were given every half-hour. Periodic postoperative vomiting occurred 
during the hrst twenty-four hour.s, but the major portion of the feedings were 
rot.iincd. Ihe vomUns now (for the first time) contained bile, indicating patency 
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If the pouch represented a dilated duodenum associated with a widely 
dilated, atonic pylonis, the thin barium mixture should have flowed back 
into the stomach fairly freely and, as a result of vomiting, the shadow 
under discussion should have become smaller or even disappeared. In- 
stead, it grew larger and maintained its rounded contour. Tliis sequence 
seemed to indicate the presence of strong muscular contraction in the area 
proxhnal to the barium-filled pouch. Since such muscular contraction is 
incompatible with a dilated, atonic pyloric sphincter, the diagnosis of 
duodenal dilatation seems unlikely. Even if it were assumed for the 
purpose of argument that the pouch represented a dilated duodenxun 
sepai’ated from the stomach by a firmly contracted pyloric sphincter, the 
latter would have rendered it impossible for barium to have passed out 
of the stomach as quickly as it did in the first place. Accordingly, by a 
process of exclusion, it seems most logical to assume that the pouch rep- 
resents the antral portion of the stomach separated from the body of the 
viscus by a contraction of the circular musculature (musculus sphincter 
antri) at the antral inlet. Schindler as the result of his gastroseopic 
observations, recently has drawn particular attention to this structure, 
A roentgen picture such as has been presented apparently is seen only 
in the earlier phases of pyloric obstruction when the antral (motor) 
portion of the stomach has undergone compensatory hyperti’ophy and 
moderate dilatation as the result of continued attempts to force the 
gastric contents beyond the point of obstruction. It is of interest to note 
that this was precisely the state of the antrum as disclosed at operation. 

Although an anomalous obstruction, responsible for the major sjonp- 
toms, Avas found in the prepyloric area, none was found in the biliary 
system to account for the icterus and bile in the urine, and none in the 
lower boAvel to account for the failure of the child ever to pass meconium 
or to move its bowels prior to operation. The fact that the icterus sub- 
sided within a week of operation indicated that it was of the severe neo- 
natal type, which, according to Holt and Howland,” often occurs in as- 
sociation with premature birth. The passage of a small amount of 
meconium for the first time shortly after operation indicated that this 
symptom, as Alvarez' suggested, was due to the complete pyloric occlu- 
sion. The stimulus to intestinal peristalsis apparently originates pri- 
marily in the passage of gastric contents into the duodenum. Thus it 
may be assumed that normally a newborn child will pass meconium as 


soon as gastric secretion passes into the duodenum, even before food is 
taken. In our patient, since the obstruction in the prepyloric area was 
complete, no gastric contents passed into the duodeniun and therefore 
the major stimuhis Avas lacking. xVecording to BaUantyne,^ amniotic 
tlukl, vernix caseosa, lanugo hair, and epidermal cells normally are SAval- 
loAved during fetal life and pass into the intestinal canal to increase the 
mlk of the mccomum. It appeai-s quite likely that the small amount of 
mecomum noted in the colon at operation and passed by the child after 
opcraUon was due to the failure of the above-mentioned constituents to 
puss trom the stomach into the intestine during fetal life. 
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at the operative site. On the day after operation, a small amount of meconium 
and then stool were passed for the first time. The bowels thereafter moved 
several times daily. There was some elevation of temperature during the first 
two days, tlie peak being 101.S°. By the third day, temperature was normal. 
Two days after operation, x-ray films of the abdomen ivere made (Fig. 5). The 
stomach, which still was bilocular, was found considerably less distended than 
previously. The antral portion now was situated in front of the vertebral column 
instead of in the right side of the abdomen. Immediately beyond the antrum, 
the gas-filled first portion of the duodenum, resembling a reversed letter S, could 
be oieariy visualized. Gas also was present for the first time in other portions 
of the bowel. 

The feeding formula was increased rapidly in amount and was taken without 
vomiting. Jaundice began to subside and within a week practically disappeared. 
The wound healed kindly except for the occurrence of slight necrosis of the skin 
in the central portion. Alternate sutures were removed on the seventh day follow- 
ing operation and the remainder on the twelfth postoperative day. By that time 
the oral lesions (thrush), which h;id been treated by the local application of 
gentian violet, had subsided completely. Over a period of two and one-half weeks 
the child ’s weight increased from approximately 5 pounds to (i pounds 3 ounces, 
and at the end of that time she was ready to bo discharged from the hospital. 


General Discussion . — At this point it is of interest to attempt to cor- 
relate the roentgenographie and clinical features of the ease trith the 
operative findings and postoperative course. In the light of the operative 
findings, tvhich consisted primarily of a coniplete, transverse sej)tum of 
mucous membrane in the jirepyloric region, a reconsideration of the .\-ray 
films is of value and may offer some criteria u])on wiiieii the diagnosis of 
pyloric occlusion may be based in the futui'e. Interest centers chiefly 
upon the distal air-filled pouch seen in Pig. 2 and the eorre.s{)ondiiig 
barium shadow in Pig. 3. In Pig. 1, altJiough the stomacdi is diffusely 


distended, its contour is fairly normal. In Pig. 2 a bilocular organ is 
seen, the distal pouch being globular in shape and relatively more di.s- 
tended than the corresponding portion of the viseus in tlie preceding 
film. Whether this distal pouch represents the first portion of the duo- 


denum or the pyloric antrum is uncertain. Another film (not reino- 
dueed in this article) was taken immediately after harium had lieen in- 
troduced into the stomach through a catheter. Pnder those circinn- 
stances, the distal air-filled pouch noted in l-'ig. 2 became filled wifli 
barium' at once. This observation at fiist glance temh-d to support the 
view that the pouch represented the distal (antral ) ix.rtion of the .sfom- 
• ch -Vnother po-ssilnlity, however, was that it represented the dih-ited. 

. -innl portion of the duodemim. In order to render the .sec-ond iiifer- 
f'on tenable, it was neee.s.sarv to postulate that the [)yloru.s was .so 
pretauo! • - stoiuaeh into tiie duodemim 

atome as ° ^ iMorton ami Jones"' and to t.add.'* siieh atony 

at once. 1* ” Dvlorus occur quite regularly in .•i.s.soeialion with 

marked duot cm ^ jtiaount hiul been forced into the distal imiicli, 

hours, barium m , ,^,,(^.1, uonfnined praeticaily nunc < Pig. 3t- 

while the remainder ot tat 
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partially lateral to the greater curvature of the stomach. These findings eon- 
firmed the diagnosis of obstruction of the small intestine. Because of the location 
of the distended loops, in the upper abdomen and chiefly toward the left side, the 
obstruction was considered to be situated in the jejunum. It was further assumed 
to have been produced by angulation or compression of the bowel bj' plastic exu- 
date at or near the operative site. 

Temperature had been normal during the twenty-four hours preceding the estab- 
lishment of the diagnosis by roentgenography, and therefore it was assumed that 
the obstruction in all probability was not complicated by strangulation of the 
bowel. For that reason, it was decided to withhold operation, at least temporarily, 
and to await developments in the hope that spontaneous relief of obstruction 
would occur. One circumstance which militated against prolonged delay, however, 
was the increasing difiiculty in administering fluids by parenteral routes. 



postoperative!}-. I'pright aim. ten minutes after ingestion of 
alriauy 7re"ent duodenum. Barium 


On the filth day folioning the onset of symptoms, the temperature rose to 103’. 
> this lime, fluids no longer could be administered intravenously since no natent 
veins could be found even by cutting down. At the same time, cjyses were beinf- 

losing weight. Vomiting, obstipation, and ab- 
dominal distention continued, and, in view of the inability to overcome dSdm- 
tion, the deci.-ion wa.s m.ide to operate. .Veoordingi.v. the child was taken to the 
operating room and, everything being in readiness for rapid exploration, drop- 
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An attempt to explain the presence of a complete septum of uiucous 
membrane situated immediately proximal to the pyloric valve results 
in speculation. The fii'st theory is that the septum is formed as the 
result of fusion of folds of mucous membrane which in this region nor- 
mally are reduplicated to form the pyloric valve. A second explanation 
is that the septum represents an abnormally high occlusion of the duo- 
denum, as suggested by Anders to explain the three cases of pyloric 
atresia reported by Hammer and by Sternberg. According to Tandler,'' 
prior to the fifth week of gestation the intestine possesses a lumen lined 
with epithelium. Shortly thereafter the epithelium proliferates and fills 
the lumen to obliterate the latter completely. This solid stage lasts only 
a short time, to be followed by a stage in which multiple vacuoles appear. 
These vacuoles coalesce and by the twelfth week of fetal life the lumen 
normally is re-established. A failure of eom])lete coalescence of the vacu- 
oles results in the presence of residual areas of atresia or of septa which 
occlude the lumen, such occlusions being found most commonly in the 
duodenum. Accordingiy, an abnormally high duodenal occlusion might 
possibly be considered the cause of the anomaly noted in the present 
case. Vnfortmiately a spee'men of the mucous memhrnno foimin<r the 
septum was not removed for microscopic examination, but there was 
no doubt that the septum was situated proximal to the pyloric ring. 


Further Course . — Ou the eighteenth postoperative day, after si.\teen days of 
normal temperature, there was a rise to 101.4° and tlie eliild vomited several 
times. E.'tamination was negative except for the presence of a moderately .severe 
pharyngitis, and it was assumed that the latter accounted for the fever and vomit- 
ing. On the following day, temperature rose to 10G.2° and vomiting liccamo more 
frequent. At that time the pharyngitis appeared more acute. By the third day 
temperature returned to normal, but vomiting continued and the bowels had failed 
to move for thirty-six hours. All feedings therefore were di.scontinucd, and Iluids 
again were given parenterally. Kncinas at hast re.sulted ia the return of sinaf/ 
amounts of stool, but subsequently were iiiciTectunl even for gas. During the 
third dav the abdomen gradually became distended. In the presence of a clinical 
triad consisting of persistent vomiting, obstipation, and inereasing abdoiniiial 
distention, the diagno-sis of intestinal obstruction was made. The presence of bile 
in the voinitus and tlie abdominal distention contrasted with the cliiiieul picti re 
of the original obstructioa in which both of these features were absent. Accord 
• ,.rh- it was postulated that the obstruetioii was not present at the original site, 
l”V'it a point la HCr in the small intestine. An x-ray film of tlie abilonn-n talicn 
the fourth dav of obstructioa revealed the presence of a large tini.l Icm'I «liieii, 
of its size and its position in the left upper qnn.lrnnt, appeared t.i be 
T^'!'ed »-ithin the stoniaeb. Details of the abdoiai.ial viscera ledovv tin- tinid 

Situate j ... i,v 51 tH/Tuse lia/f whirh ennn' 



Wtthin til . abdomen belmv the gastric tbiid h•^cl niea 

being situate in to establish the sigiiiticaio ihi-se scattereci levels 

tioned previous > was emptied by tube, a Imv amoiiat of harima lafm 

mote prceisel), t 'C ® niade. Thi.s revealed moderate gaseous distcnlioa of the 
duced, nnd another i vvhich was faintly ilemar.-ati-d hv tio- hannia, and 

stomach, the lower ^Jistended bmp- of small gas 

disclosed the presenct. o ' these were situated on the left side below and 


and 


fluid. The most proamtut 
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5. Operation, performed on the fifth day of life, consisted of multiple 
incisions of the prepyloric septum and pyloroplasty. No other con- 
genital anomalies were found. 

6. The early postoperative course was uneventful. The icterus was 
concluded to be an accompaniment of prematurity. The failure to pass 
meconium was assumed to be due to a lack of the normal stimulus to 
intestinal peristalsis which apparently is initiated by the passage of 
gastric contents into the duodenum. 

7. On the eighteenth postoperative day, the patient developed a sec- 
ondaiy, complete intestinal obstruction. Five days later, as operation 
was about to be performed, the obstruction -was relieved spontaneously. 
The course thereafter, although temporarily stormy, was one of im- 
provement ending in recovery. 

8. Pollow-up x-ray studies, performed five months after operation, 
revealed the gastrointestinal tract to be normal except for the presence 
of rapid emptying of the stomach and intestinal hypermotility, ap- 
parently due to the pyloroplasty. The patient more than doubled her 
lowest weight during that period. The follow-up period now is seven- 
teen months. 

9. To the best of our knowledge, this case is the first of its kind to 
be reported. It also represents one of the very few successful attempts 
at major surgery upon a premature child and the earliest pyloroplasty. 
Finally, it appears to be the earliest case of postoperative intestinal 
obstruction recorded in the literature. 

^Ve express our appreciation to all who assisted in the care of the patient, and 
particularly to the members of the Attending Pediatric Staff and Pediatric House Staff, 
without whose valuable cooperation we doubt whether the child would have survived. 
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5. Opex’ation, pex'formed on the fifth day of life, consisted of multiple 
ineisions of the px'epylorie septum and pyloroplasty. No other con- 
genital anomalies were found. 

6. The early postoperative course Avas uneventful. The ictenxs was 
concluded to be an accompaniment of prematurity. The failure to pass 
meconium was assumed to be due to a lack of the normal stimulus to 
intestinal peristalsis which apparently is initiated by the passage of 
gastric contents into tlie duodenum. 

7. On the eighteenth postoperative day, the patient developed a sec- 
ondary, complete intestinal obstx’uetion. Five days latex’, as operation 
was about to be perfoimied, the ofasti’uction was relieved spontaneously. 
The course thereafter, although tempoi’ai'ily stox-my, Avas oxie of im- 
provemejxt ending in recovery. 

8. Polloxv-up x-ray studies, performed firm months after operatioix, 
revealed the gastrointestinal tract to be normal except for the presence 
of rapid emptying of the stomach and intestinal hypermotility, ap- 
parently due to the pjdorop tasty. The patieixt more than doubled her 
loAvest Aveight during that pei'iod. The folloAv-up period uoav is seven- 
teen months. 

9. To the best of our knoAvledge, this case is the first of its kind to 
be reported. It also represents oxie of the very few sixeeessful attempts 
at major surgery upon a premature child and the earliest pyloroplasty. 
Finally, it appears to be the eai’liest ease of postoperative intestinal 
obsti’uetion I’ecorded in the litex’atux’C. 

yjcpi’ess our appreciation to all who assisted in the care of the patient, and 
members of the Attending Pediatric Staff and Pediatric House Staff. 

iuiout Whose valuable cooperation we doubt whether tlie ciiiid would have survived. 
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CERJilBKAL li HliNl ATION TllROUOil Til}-; INOLSURA TENTORH* 
A GijxicaIv, Pathological, and Excekuiextal Study 


WiLLiAJt ijisTJOK Rkid, JLSo., Montkeal, Quebec 

(b'rum the DcjiartmaU of Nenroloijy and bbeurosunjenj, McGill University, and the 
Montreal Xeuroloyical Institute) 


' I 'ilh openings wliicli connect the ainitoMiical subdivisions of the 
cranial cavity with eacli other and witli the spinal canal frequently 
play an important role in the develojnnent of certain complications 
in cases of increased intracranial pressure. These openings are three 
in number: (1) the foramen magnum, (2) the opening beneath the 
falx, (3) tlie, ineisura tentorii. The boinidai'ies of each are relatively 
rigid and nonyiclding, and when the pressure in one compartment is 
increased, as by an e.xpanding lesion, the contents tend to be forced 
through the connectiiig opening into the adjoining compartment. The 
signs that may be exhibited under these ci)'eumstances depend on the 
degree of pressure exerted by the herniated tis.sue on the neighboring 
structures. 

The best known of the herniations occurs through the foramen 
magnum, particularly in expanding lesions of the posterior fossa. The 
opening beneath the falx, however, is probably the most frequent site 
for cerebral herniation and is usually the first opening through which 
it occurs in supratentorial e.xpanding lesions. This can be seen by the 
midline shift in the x-ray films after oxygen has been injected into 
the ventricles. 

In this report special consideration is given only to herniation 


through the ineisura tentorii. This opening is triangular in shape 
(Pig. 1). Anteriorly it is limited by the basilar portion of the occipital 
bone, and laterally by the ]'igid free borders of tlie tentorium eerebelli. 
On each side immediately above the tentorial edge lies the hippocampal 
gyrus in such a position that, when pressure is exerted from one of the 
hemispheres, this structure is the one that is forced over the edge. 
Within the confines of the ineisura, and in close relationship to the 
hippoeampal gyrus, lie the third nerves, the cerebral peduncles, the 
midbrain, and the posterior cerebral arteries and their branches (Fig. 
0) As the free space in the ineisura is very limited, it is easily under- 
stood how any herniation from above may press on the underlying 
^ . fui-es or interfere with the flow of blood through the vessels and 
one or more of the clinical symptoms or pathological changes 
i . . » * * 1 .^ 
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a wedge between tlie leiitonal edge and Uie niidbrain. In most in- 
stances the Jici'iiiation was marked, but in some, often contrary to ex- 
pectation, it was only slight. In the latter cases it was assumed that 
after death the herniated tissue had shrunken and largely returned 
to its normal position. The degree of herniation found in the animals 
was usually much greater than in the clinical eases, because the animal 
brains were always hardened in situ with formalin to prevent any 
recession of the herniation. In general, in both clinical and experi- 



T-i™ o Piinto-ranh ot base of brain showing the relationship between the herniated 
, • third nerve^ the blood vessels, and the midbrain. H. Herniated 

hipporampal posterior cerebral artery; SC. superior cerebeilar artery; G, 

liippocanipal ^ n s . O, p nerve; X, groove made by free edge of 

Srium ce^e"beni1 ^%p!i" nerve oculomotor nerve. 
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mental cases, the degree of herniation was roughly proportional to the 
amount of displacement produced by the primary expanding lesion. 

In 17 of the 25 cases that came to necropsy, there was one or more 
of the following clinical signs present which it seems clear were due to 
the herniation; (1) ipsilateral third nerve palsy, partial or complete; 
(2) ipsilateral hemiplegia ; (3) evidence of midbrain involvement and, 
from the pathological standpoint, in addition to the herniation: (a) 
infarction of one or more occipital lobes; (b) hemorrhages into the 
midbrain and pons; (c) partial occlusion of the cerebral aqueduct. In 
the other 8 necropsy eases these features were not observed although 
there were varying degrees of herniation present. This shows that 
the herniation may exist without causing any of the above clinical 
signs and without producing secondary damage to adjacent structures. 



Fig. 4 — Showing the apparatus used in the acute experiments and the fixed dilatation 

of the ipsilateral pupil. 

In the experimental animals an attempt was made to reproduce the 
signs found in human beings by means of an artificial extradural ex- 
panding lesion. Under general anesthesia a burr hole was made 
through the skull, the exact location varying slightly in each animal, 
but most often situated in the anterior two-thirds of the head. In the 
acute experiments (Fig. 4), after stripping the dura for a short dis- 
tance around the burr hole, a Forbes window was screwed into the 
bone. One outlet was closed off and the other led by a rubber tubing 
to a large bottle of Ringer’s .solution. This was connected to a Woulfe 
bottle, which in turn was connected to the air pressure tap, and a 
mercury manometer. 'I'he fourth ontlct from the AVoulfe liottle was 
used as a salety valve. In this manner it was po.ssible to force Rin'>-er’s 
solution into the extradural .space at any desired prc.ssure. It°wa.s 
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i’ouiicl that the best pressiii'c to produce the desired results was 90 to 
1 10 mm. ot: mercury. It j'reater pressure was used, the animal became 
deeply comatose and stojjped breathing', and would die if the pressure 
were not released foi' a few minute.s. 

In the more prolonged experiments moistened saraka seeds or 
tragaeanth was packed into the extradural space and the burr hole 
closed by means of a metal .screw. The animal was then allowed to 
recover from the anesthetic and was carefully watched until it died. 
After death the arterial and venous systems were v'ashed clean with 
Kinger’s .solution, and then irrigated with 10 per cent formalin to fix 
the brain in situ before it was removed. The acute experiments lasted 
from foui- to eight hours, while the time for the more prolonged experi- 
ments varied from twenty-five hours to four days. The complications 
resulting from herniation of the hii>poeampal gyrus over the free edge 
of the tentorium eerebclli are considered under two headings, first, the 
clinical signs which it may produce, and second, the pathological alter- 
ations it may cause. 


CLIXICAL SYIICTOMS 


Ijmlatcral Third Nerve Palsy . — The third nerve carries fibers that 
supply three separate groups of muscles: (1) the pupilloconstrictor 
muscle of the iris; (2) the levator palpebrae; (3) the rectus superior, 
rectus inferior, rectus interims, and obliquus inferior. There is faiidy 
strong evidence to show that the fibers to the iris are separate and 
distinct from those supplying the other two groups. Hoes.sly (1918)' 
stated that “the iris fibers were more sensitive than those supplying 
the extraocular muscles, for they may show paresis without any affec- 
tion of the extraocular muscles.” In our clinical cases and animal 
experiments this was borne out. In each case in which the changes 
were closely observed throughout the various stages the pupil first 
be'mn to dilate and soon lost its reaction to light. This was closely 
followed by ptosis of the upper lid and then by limitation of inward 
rotation of the eyeball. In Case 1 this series of events was well demon- 
strated. 


Case l.— Neoplasm of right parietal region. Ipsilateral third nerve palsy. 

10 years. This child was admitted to the hospital complaining 
A. C., ina e, drowsiness, and left-sided weakness. He had had transient' 

“'w 

periods narietal region disclosed a rapidly growing glioma and no further 

from the rigli p considered to be warranted. Before his discharge from 

operative iiiterferenc ^ opportunities to observe the attacks of unconscious- 

the hospital ately described by the parents as they had seen them at 

ness and rigidity ma ^^1 episodes the course of events was identical, 

home. I" ° its appearance and consciousness was rapidly lost. 

Generalized rigidity giowly and soon lost its reaction to light. 


The ipsilateral dilated, the upper lid began to droop and it wn.s 

Before 


the pupil became 
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then noted that the eye turzied out. Though the unconsaiousuess and rigidity 
lasted but tu’^o minutes, it took about five minutes for the paralytic third nerve 
signs to disappear. 

The patient rvas discharged from the hospital and, when he died at home, the 
referring physician was unable to arrange for a post-mortem examination. 


In the animal experiments this order of events was reproduced. Case 
1 also serves to emphasize the importance of careful and repeated 
observation of the pupils, for, if thej^ had not been closely watched, the 
third nerve changes might well have been missed. 

It must not be taken for granted that pupillary changes always in- 
dicate an intracranial lesion. A dilated pupil, ivith or without fixation 
to light, may be due to one of many causes. Although Brooks (1921)^ 
believed that unequal pupils were always pathological, Barrie (1918),® 
after examining the eyes of 326 men, found that approximately 10 per 
cent of them had unequal pupils without any other signs of disease of 
the eyes or central nervous system. 

Local eye disease, such as blindness, glaucoma, optic atrophy, etc., 
may cause unequal pupils, and certain drugs, such as atropine, hom- 
atropine, cocaine, etc., if inti'oduced into the eye. will produce a dilated 
and fixed pupil. MacDonald (1921)’* described such a case in which 
belladonna was accidentally introduced into the eye with a resulting 
dilated and fixed pupil. 

An e.Kcitatory lesion in the path of the cervical sympathetic must be 
considered. Hopkins (1925)® obseiwed that unilateral dilatation and 
fixation of the pupil ^vere sometimes seen in cases of pulmonary tuber- 
culosis, and he assumed that it was due to stimulation of the sympa- 
thetic chain by the pressure of the enlarged bronchial glands. He also 
cited a ease in which the pupils were slightly unequal in a patient with 
syphilis. So it is clear that all extrinsic causes of pupillary changes 
must be eliminated before assuming that the lesion lies within the 
cranial cavity. 

A detailed account of the evidence that was aceiimnlated with regard 
to third nerve palsy lias already been imported by Reid and Cone.® 
Their conclusions were that ipsilateral third nerve palsy, partial or 
complete, oeeurring in cases of intracranial expanding lesions, was due 
to direct pre.ssure on the third nerve by a herniation of the bippo- 
eampal gyrus over the free edge of the tentorium cerebdli. This is 
well demonstrated in Fig. 2 where the third nerve i.s flattened and has 
i’onncd a groove in the hcniiatcd ti.s.sue. 


In some of the elinical and experimental case.s that have been studied 
with venard to thi.s feature, one or more of the other five features were 
also present, but in each ease the .signs of third nerve palsy were oh- 
sei-ved first. In other words, when herniation of the hippocampal 
gyrti.s oecnrs. the ipsilateral third nerve, being the clo.se.st structure 
is the first to leel the effects of pressure exerted by the herniated 
tissue. As (he herniation increases, it may pre.ss on one or more of the 
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otlier striietures in the iiieisura with the pvocluctiou of signs depending 
on tile struetiu'c that is involved. 

I puilatcKtl Ilcmiplcpiu . — Not iiifvccpiently cases are seen in which 
tliere is an ipsilateral heiniparesis or hemiplegia associated with an intra- 
cianial expanding lesion. This niaj’’ be confusing as a localizing sign, 
and it has often led to an exploratory operation on the wrong side. With 
modern metiiods of visualizing the ventricular system the possibilities 
of such an error have been greatl}'’ diminished. Even now, however, in 
certain eases of head injury the surgeon usuallj’' makes a burr hole on 
each side of the skull, partly to avoid the chance of an error in localiza- 
tion and partly because of the possibilitj' of a bilateral hemorrhage. 

Purves-Stewart (1927)," Flateau (1924),® Putnam and Cushing 
(1925),® Groenveld and Schaltenbrand (1927),’® Woltman (1928),“ and 
others have reported such eases of ipsilateral hemiplegia. In each of 
the seven cases described by Eand (1929)“ in relation to ipsilateral 
dilatation of the pupil in cases of intracranial hemorrhage, there was 
also ip.silateral hemiplegia. Keruohan and Woltman (1929)“ published 
a verj* concise report of 42 cases of intracranial expanding lesions, 37 
of which were supratentorial. Tlic reason for this report was to explain 
tlie meelianism by which ipsilateral hemiplegia was produced in such 
cases. Their conclusion was tliat it was caused by compression of the 
opposite crus cerebri against the sharp rigid free edge of the tentorium 
eerebelli, producing a notch in the crus and destruction of the tissue at 
the point of contact. Tliey also observed that there may be herniation 
through the incisura tentorii as evidenced by the groove along the 
uncinate gyrus on the side of the primary expanding lesion. Twenty-two 
of their cases showed ipsilateral hemiplegia and notching of the crus; 

2 showed mild ipsilateral signs mthout any notching; and the remaining 
18 showed notching of the opposite crus but no signs of hemiplegia. 

Hoen (1935)“ described 3 cases of cerebral expanding lesions with 
sio-ns of ipsilateral weakness or paralysis. He, too, believed that it Avas 
due to the pressure of the lesion pushing the brain toAvard the opposite 
side and compressing the midbrain against the tentorial edge. He felt 
that the syndrome produced aa'us diagnostic of a lesion in the fronto- 


parietal region. „ . , . , , , . 7 

In our oAvn experimental studies 2 of the animals developed ipsilateral 

hemiplegia In each ease tliis Avas preceded by ipsilateral fixed dilatation 
f the pupil and ptosis of the upper lid. At necropsy marked herniation 
of the hippocampal gyrus over the free edge of the tentorium Avas found, 
1 .,1 there Avas no notching of the crus, nor Avere any pathological changes 
f d in the midbrain microscopically. In only 1 of the 32 clinical cases 
(Case 2) Avas there ipsilateral hemiplegia. 

extradural hematoma left temporoparietooccnntal region. Ipsi- 
Case 2.--iortje ami occipital lohe infarction, 

lateral third nerve p f patient was unconscious for some time follow- 

g. AY., male, interval of an Imnr or so he again became uncoii- 

ino- a head injury. After . 
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scious and the attending physician noted a dilated and fixed pupil and hemiplegia 
on the left side. On admission to hospital he was in deep coma and both pupils 
were dilated and fixed. 

At operation a large hematoma was found on the left side extending from 
the temporal region well back over the occipital lobe. Although the brain 
returned to its normal position and was pulsating well after the removal of the 
clot, the patient’s condition did not improve and he died four days later. 

At necropsy the following points were noted: (1) herniation of the left hip- 
pocampal gj'rus over the tentorial edge; (2) slight indentation of the right crus 
cerebri with hemorrhagic softening of its substance (Figs. 5 and 6) ; (3) large 
area of infarction in the left occipital lobe and a small one in the right. 



Fig. 5 — Showing notch in right crus cerebri made by the tentorial edge ; A, notch. 



broiii the work of Keraohan and AV oilman the ineeliani.sm involved 
m thus leature i.s tiuile clear. As they have .shown, if the primary lesion 
us large enough it ])ushes the brain toward the opiiosite side and forces 
the opposile eras against ti.e .sharp free edge of tlie tentorium, eausin-r 
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othei structures iu the iucisura with the production of signs depending 
on the structure that is involved. 

I psilatcral Ilcmiplepia . — Not infrecpiently cases are seen in which 
there is an ipsilateral heiniparesis or hemiplegia associated with an intra- 
cranial expanding lesion. This may be confusing as a localizing sign, 
and it has often led to an exploratory operation on the wrong side. With 
modern methods of visualizing the ventricular system the possibilities 
of such an error have been greatly diminished. Even now, however, in 
certain cases of head injury the surgeon usually makes a burr hole on 
each side of the skull, partly to avoid the clianee of an error in localiza- 
tion and partly because of the possibility of a bilateral hemorrhage. 

Purves-Stewart (1927),’’ Plateau (1924),® Putnam and Cushing 
(1925),“ Groenveld and Sehaltenbrand (1927),’“ Woltman (1928),” and 
others have rej^orted such eases of ipsilateral hemiplegia. In each of 
the seven cases described by Rand (1929)” in relation to ipsilateral 
dilatation of the pupil in cases of intracranial hemorrhage, there was 
also ipsilateral hemiplegia. Kernohan and Woltman (1929)” published 
a very concise report of 42 eases of intracranial expanding lesions, 37 
of which were supratentorial. The reason for this report was to explain 
the mechanism bj' which ipsilateral hemiplegia was produced in such 
cases. Their conclusion was that it was caused by compression of the 
opposite crus cerebri against the sharp rigid free edge of the tentorium 
cerebelli, producing a notch in the crus and destruction of the tissue at 
the point of contact. They also observed that there may be herniation 
through the incisura tentorii as evidenced by the groove along the 
uncinate gyrus on the side of the primary expanding lesion. Twenty-two 
of their cases showed ipsilateral hemiplegia and notching of the crus; 

2 showed mild ipsilateral signs mthout any notching; and the remaining 
18 showed notching of the opposite crus but no signs of hemiplegia. 

Hoen (1935)” described 3 cases of cerebral expanding lesions with 
sio'ns of ipsilateral weakness or paralysis. He, too, believed that it was 
due to the pressure of the lesion pushing the brain toward the opposite 
side and compressing the midbrain against the tentorial edge. He felt 
that the syndrome produced was diagnostic of a lesion in the fronto- 


parietal region. 

In our own experimental studies 2 of the animals developed ipsilateral 
hemiplegia. In each ease this was preceded by ipsilateral fixed dilatation 
of the pupil and ptosis of the upper lid. At necropsy marked herniation 
of the hippocampal gyrus over the free edge of the tentorium was found, 
u + there was no notching of the crus, nor were any pathological changes 
r rl ■ the midbrain microseopicallj^ In only 1 of the 32 clinical cases 

found in V,QTm’r.leCTin 


(Case 2) was 


there ipsilateral hemiplegia. 


Ipsi- 


extradural hematoma left temporoparieto-occipital region. 

Case umiplegia, and occipital lohe infarction, 

lateral third nei u ’ years This patient was unconscious for some time follow- 
S. w., mate, age • interval of an hour or .so lie again became uncon- 

ing a head injury. Alter a 
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necropsy, in each case, tliere was seen marked hernia,tiou of the hippo- 
campal gyms forming' a wedge between the free edge of the tentorium 
and the midbrain (Fig. 7). A similar series of events was seen in 
Case 3. 

Case 3. — Lar^e intracereiral neoplasm in right temporoparietal region. 

W. S., male, aged do years. Prior to operation a ventriculogram rvas done and 
the patient placed on the x-ray table. While the pictures were being taken, he 
suddenly became rigid and stopped breathing and it was noted that the ipsi- 
lateral pupil had become dilated and fixed to light. A brain needle was immedi- 
ately inserted into the ventricle and some fluid and gas escaped under fairly high 
pressure. The patient recovered rapidly to his original condition and the pupils 
returned to normal more slowly. 



Fig. I. — Experimental animal with extradural hysroraa. showing herniation of the 
hippocampal gyrus forming a wedge between tentorium and midbrain and compression 
of the latter. Also showing narrowing of cerebral aqueduct 3, Herniated hip- 
pocampal gyrus ; X, groove made by the sharp tentorial edge. 

When eonsulei'iiig the nicehanism of pi'essurc on the midbrain in 
eases of supralentorial expanding lesions, it is clear that the herniated 
liippoeanipal gyi'ii.s i.s of tlie utnio.st importance and it may be necessary 
to treat the herniation as well as the primary expanding lesion. Jeffer- 
son tUiJHV’ reportcil one ease with a right temporal lobe neoplasm 
and an ipsihiteral dilated and fixed pupil. He removed the entire 
temporal lube together with the herniated tissue and the patient made 
a complete reeoveiy. Vincent, David and Thiebault (1936)''' stated that 
lliey had removed the iierniiited tis.siie in certain e;hscs and that the pa- 
tients luul recovered. In two of my own ea.se.s the liei'niations were not 
relieved liy the removal of the cxtradiirn! hematomas wliieli had pro- 
diieed them and the patients died. It seemed from tlie post-mortem 
e-\aminations that the herniations must have recoded somewhat after 
tile removal of the primary lesion but that the ])re.s.sure on the raid- 
brain was not completely relieved. Therefore, in agreement with Jef- 
fer.soii, it is suggt'sted that the .surgical procedure must also iiielude 
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an inlovfercnce with the coiuluetion of nevve impulses and resulting in 
weakness or paralysis on the ipsilateral side. In addition to this I 
wish to emphasize the relationshij) that exists between the hemiplegia 
and the herniation of the hippocampal gyrus. It is my belief that, 
when the pressure exerted by the primary expanding lesion is suffieient 
to force the midbrain against the opposite tentorial edge, herniation of 
the hippocampal gyrus is invariably present. I also feel that the herni- 
ation is important in providing an additional and more direct line of 
lorce in pushing the midbrain against the opposite tentorial edge. 

Sifjns of Midbrain Involvement . — One often sees a patient with a 
supratentorial e.xpanding lesion admitted to the hospital with signs of 
midbrain involvement, such as deep coma, spasms of rigidity like those 
of a decerebrate animal and set off by the slightest stimulus, hj^Derpnea, 
tachycardia, and hyperthermia. These symptoms may be due to the 
pressure of the herniated hippocampal gyrus on the midbrain or to 
hemorrhage into the midbrain as will be pointed out later on. 

When the pressure of the primary expanding lesion is great enough 
to force the hippocampal gyrus downward over the tentorial edge and 
through the incisura tentorii, the herniated tissue acts as a wedge in- 
serting itself between the free edge of the tentorium laterally and the 
midbrain medially. The midbrain is thus compressed between the 
herniated tissue on the one side and the opposite tentorial edge on the 
other. The effects of the pressure exerted by these two structures 
differ in many respects. As the midbrain is forced against the sharp 
rigid tentorial edge, the damage that is done is mostly confined to the 
point of contact which, in this case, is the crus cerebri. As has been 
shown by Kernohan and Woltman, this results in an ipsilateral weak- 
ness or paralysis. On the other hand, the herniated tissue is broader, 
softer, and more pliable, so that the effect of its pressure is spread 
more evenly throughout the midbrain. The latter pressure is probably 
the main factor in the production of the signs of coma, decerebrate 
rigidity, etc., signs that indicate a near terminal or terminal stage in 


these cases. 

Further evidence in this regard was obtained from two of the experi- 
mental animals. In each case fluid pressure was used forming an extra- 
dural hyo-roma which was connected to the air pressure tap and a mer- 
cury manometer. When the pressure was raised rapidly to 110 mm. of 
mercury each animal became unconscious, the ipsilateral pupil dilated 
and soOTi lost its reaction to light, the upper eyelid dropped, and in- 
rd rotation of the eyeball was lost. There was marked spasm resem- 
, tUat aeen in decerebrate rigidity; respiration became labored and 
, ” rl md the heart beat stopped. All this took place in about 

ten second _ i-epeated several times in each animal with the 

This proce pressure was maintained at 110 mm. of mer- 

same ^ animals died and the brain was then fixed in situ. At 
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In our animal experiments the extradural pressure necessary to pro- 
duce even marked herniation was alwaj’s less than the systolic blood 
pressure. The pressure at the point of the herniation would be less still, 
and probably much less than would be necessary to compress the artery 
directly. It is possible that, once- the herniated wedge is in position, 
the addition of edema in the herniated tissue may supply the additional 
pressure necessary to compi’ess the vessel, but, if this were the case, one 
would e.xpect occipital lobe infarction to be much more common. 

The points that we wish to emphasize in relation to occipital lobe in- 
farction occurring in cases of supratentorial expanding lesions ai’e: 
first, the constant presence of herniation of the hippocampal gyrus over 
the free edge of the tentorium ; second, that this herniation is an essential 
part of the mechanism involved in the production of the infarction ; and, 
third, the constant association of ipsilateral third nerve palsy in each of 
these eases. 

flemorrliage Into the Midhntin and Pons . — It is not at all uncommon, 
on sectioning the brains of patients who liave died from an intracranial 
expanding lesion, to find hemorrhages in the midbrain and pons. These 
hemorrhages vary considerably in size. Some consist merely of a dia- 
pedesis of blood cells around the vessels, while in others there may be 
massive hemorrhages with considerable de.struetion of the surrounding 
tissue. Jloore and Stern reported eleven such eases and they believed 
that the herniated hippocampal gyrus was an essential part of the 
process involved. Our own studies have helped to confirm this view- 
point, but the evidence that we have obtained has not been sufficient 
to enable us to formulate any theory as to the exact manner in which 
the herniation produces the hemorrhage. 

In 9 of the 25 brains of this group that were examined at necropsy, 
there were midbrain and pontine hemorrhages. In 7 of these 9 eases 
.signs of third nerve palsy were observed before death and in 1 of this 
group there was bilateral occipital lobe infarction. Also in all 9 eases 
there was herniation of the ipsilateral gyrus over the free edge of the 
tentorium. Observations add nothing to and only confirm the findings 
of ifoore and Stern as far as the midbrain hemorrhages are concerned, 
hut I do want to emphasize that, when lierniation eau.sed midbrain and 
pontine hemorrhage, the presence of the herniation was at least sug- 
gested before death in 7 of the 9 eases by the ijisilateral third lierve palsy. 

Obstnirfion of the Agnedurt of Itglvins . — In many of the cases e.xam- 
ined at necropsy tlie cerebral a<(ueduet has been so greatly distorted and 
disiilaeed by the herniation that it would seem to have hcen functionallv 
blocked. This feature has been more clearly demonstrated in some of 
the experimental animals where the brains were fixed in situ bv intra- 
vascular injection before removal. In Fig. 7 the aqueduct is seen to be 
narrowe.l. In another monkey (Fig. S) if was almost eomplctelv 
occluded. 
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either iiiainpulatious to prove the hernia is reduced or removal of the 
herniated tissue if reduction is not compiete. It may in some instances 
be advisable to enlarge the opening by incision of the free edge of the 
tentorium. The fact that in some of our recovered eases this was not 
done shows the herniation may correct itself, but it is leaving less to 
chance if the region is at least inspected, the necessarj^ retraction for 
exposure of the area being itself of value to reduce a small hernia after 
the primary cause of tlie intracranial pressure increase has been 
corrected. 

PATHOLOGICAL CEIAXGES 


Infarction of One or Both Occipital Lobes . — This is a comparatively 
I'are complication but one that comes within the scope of this study. 
.Meyer (1920), '• in discussing herniation of the brain, described several 
eases of supratentorial expanding lesions that shoived a “tentorial 
line” along the uncus where it had herniated over the edge of the 
tentorinm cerebclli. In one ot these eases the blood how through the 
right posterior cerebral artery was interfered with by the herniation, 
and this resulted in collapse of the corresponding part of the occipital 
cortex. Another ease in the same series revealed a much larger hernia- 
tion, but there was no evidence of interference with the blood flow. 
Moore and Stern (1938)'® described flve cases in each of wliieli there 
was occipital lobe infarction associated with an intracranial expanding 
lesion. They felt that the infarctions were due to compression of the 
posterior cerebral artery. 

In four of my own series of cases there was occipital lobe infarction. 
In each ease there was a unilateral intracranial e.xpanding lesion which 
was associated with ipsilateral fixed diiatation of the pupil and herni- 
ation of the hippocampal g 3 mus oi-er tlie free edge of the tentorium 
eerebelli. In three of tliese eases the occipital lobe infarction was bilat- 
eral but more marked on the ipsilateral side. In each of these 3 cases 


there was bilateral heimiation of tlie hippocampal gyrus, but also more 
marked on the side of the primary expanding lesion. In tlie fourth case 
the infarction was unilateral and on the same side as the expanding 
lesion, as also were the herniation and tlic third nerve palsy. 


At necropsy we were unable to make out the exact mechanism in- 
volved in interfering with the blood supply to the occipital lobes, but 
it was evident that the herniated hippocampal gyrus was an essential 
nart of that mechauism. Because of the rarity of this condition as 
comnared with the frecpient occurrence of the herniation, and the fact, 
een in Meyer’s two eases, that infarction is not necessarily depeiid- 
the size of the herniation, we feel that the interference with the 
M a cnmflv to the occipital lobes is probably due to some anomaly in 
blood s PI J vessels. In this manner the arterial ohstriic- 

the anatomi of the vessel by the herniation rather 

tion IS due to stieu-iai o 
than to direct compression. 
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We have only cursory clinical evidence to show that the aqueduct 
may he obstructed by herniation since it has not been our custom to 
take simultaneous ventricular and lumbar pressures. The ivoi-k of 
Smyth and Henderson’'' proves the point conclusively. Eight of 33 
tumor eases ^vhich they studied showed a disturbance of dynamics. 
Six of these had svrpratentorial tumor-s and they had an initial pressure 
difference, the ventricular readings being from 20 to 100 nun. of water 
liiglier than the spinal ones. This disparity was accentuated by the 
withdrawal of lumbar fluid. In these 6 cases jugular compression also 
proved a partial block. When the ventricular pressure was higher than 
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„ lart-p herniation of the hippocampal gyrus with compression of 
Fig. 8.— Showing a large I cerebral aqueduct. JfB, llulbrain . 
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CEREBELLAR SUBDURAL HEiAIATOMA IN INFANT 2 WEEKS 
OLD WITH SECONDARY HYDROCEPHALUS 

Operation With Recovery 

Richard 6. Coblentz, M.D., Baltdiore, Md. 

(From the Deimrtments of Pathology and Neurosurgery, University of ilaryland 

Medical School) 

T he formation of a subdural hematoma following intracranial hemor- 
rhage in the newborn probably occurs more frequently than is 
general!}^ recognized. In fact, Ingraham and HeyP in a recent article 
state that “it is a common condition in infancy and early childhood” 
and that “the frequency noth wliieh subdui’al hematoma is found among 
children is more or less proportional to the intensity with which it is 
sought.” This statement is, perhaps, particularly true in young infants, 
in whom a subdural clot is more apt to be accompanied bj' subarachnoid 
bleeding which may mask the presence of the subdural lesion. Failure 
to recognize cither of the two types of hemorrhage, if the infant survives 
for any length of time, frequently results in the development of a 
secondary hydrocephalus due to (1) interference with the absorption 
of the cerebrospinal fluid or (2) the mechanical obstruction to flow of 
the cerebrospinal fluid from the ventricular system. 

It is a well-recognized fact that trauma is, perhaps, the most frequent 
cause of subdural hematoma in adults, but that systemic diseases, espe- 
cially those affecting the vascular system of the brain, may play an 
important secondary role. In infants and children trauma is considered 
an important etiologic factor by Ingraham and Ilcyl.’ Other investi- 
gators (Shenvood,- Peet and Kahn,-* Ro.senbcrg,^ and Ingalls**) call atten- 
tion to the fact that sulidural hematoma occurs frequently in under- 
nourished infants, infants witli scurvy and other dietary deficiencies, 
and particularly in those with vitamin C deficiency in which no history 
or evidence of trauma can l)c obtained. 

A.S in adults, tlie location of the .subdural hematoma in infants is al- 
most invariably over one or botli of the cerebral hemisphere.s. Very 
rarely does an encysted subdural clot form in the posterior fo.ssa over the 
cerebellar hemi.spheres, either in adults or infants. Dandy'* has re- 
ported a ea.se in which an encysted clot was found in the pituitary 
region, producing symptoms of a pituitary tumor. The lesion was 
found at operation and the patient recovered after evacuation of the 
clot. Putnam and Cushing* cite a ea.se of Naffziger’ in which the hema- 
toma was chiefly ba.sal in the region about the mastoid, fading out to- 
ward the vault. This patient also recovered after operation. The lc.sion 
involved the spinal cord also in several ea.scs in the literature.*' 

for K»'brii5iry 13. 1310. 
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by it, such as infarction of the occipital lobes and pontine hemorrhages, 
damage to the crura cerebri and hemon’hage and softening of the her- 
niated gyrus. 

As has beeJi shoivji in a previous I’eport, one of the earliest signs of 
incisural herniation that will cause damage is dilatation of the ipsi- 
lateral pupil. Dilatation of the ipsilateral pupil has commonly oc- 
curred in this series of patients before ipsilateral paralysis of the ex- 
tremities and the other signs of graver damage. It is important to 
recognize and evaluate properly the significance of the secondary clini- 
cal signs that occur as a result of these herniations and realize the 
pathological alterations that result from them if prompt treatment is 
not instituted. The herniation of the hippocampal gyrus may not 
recede after the primary expanding lesion is removed and the surgeon 
must keep this possibility in mind, for Jefferson and others have re- 
moved the strangulated gyrus after treating the primary lesion with 
recovery of the patient. 
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In !i extensive review of the literature only four eases of 

encysted subdural hematoma in the iDosterior fossa over tlie cerebellum 
were reported. All these cases were found at autopsy and had not been 
recognized before death. Neisser and Pollacld“ mentioned two cases 
found at autopsy, cited by Putnam and Cushing." PickeiP^ reported one 
ease found at autopsj^, no operation, included in a report of a series of 
cases by Jelsma.*- The fourth case, reported by Munro,'^ was a rigid 
subdural hematoma, togetlier witli a cerelmllar subdural hematoma. 
Death occurred eleven days after evacuation of a right cerebral clot, 
with the discoveiy of bilateral cerebellar hematoma at autopsy. In no 
instance was there a record of an cnej'sted subdural hematoma over the 
cerebellum which had been recognized and cured by operation. 

The chief object of this paper is to record a single case of encysted 
subdural hematoma over the right cerebellar hemisphere, with secondary 
hydrocephalus, in an infant 2 weelcs old, verified at operation, with 
recovery. 

CASE REPORT 

Baby K., aged 9 days, was transferred to the Neurosurgical Service 
from the Obstetrical Department of the University Hospital on Oct. 24, 
1939, because of enlargement of the head and bulging fontanelles, with 
marked separation of the cranial sutures. 

The note on the obstetrical chart was as follows: “Mother admitted from the 
Out-Patient Department on Oet. 15, 1939, at term and in active labor. Multip- 
ara ii. Normal deliveries. Prenatal course with this pregnancy uneventful. 
Labor progressed normally under routine nembutal and paraldehyde analgesia, and 
after two hours and forty-three minutes was delivered of full-term, living child, 

7 lb. 1514 oz., by low forceps. Central episiotom)'. Third stage uneventful. 
Cervical inspection negative. Infant shows no anomalies. No cyanosis, convul- 
sions or snuiBes. Moderate occipital caput. Measurements: length, 49 cm.; 
weight, 7 lb. 1514 oz. Head: O.M., 13 in.; O.P., 11; S.O.B., 10; B.P., 9; B.T., S. 
Treatment eyes, Crede; treatment cord, Crede.” 

The baby was breast fed with supplementary feedings. He nursed well and ap- 
peared and acted normally until the fourth day, at which time the head appeared 
slightly enlarged and the fontanelles full. During the next four days the head 
gradually increased in size, the fontanelles were bulging, and there was marked 
separation of all the cranial sutures. Small areas of ecehymosis appeared in the 
upper lids of each eye. There was a gradual loss of weight in spite of the fact 
that the baby retained all of his feedings. On Oet. 24, nine days after birth, the 
ne'urosurc'ical consultation revealed the following: temperature, OS” F.; pulse, 
no- respiratory rate, 30. The baby was rather drowsy, but aroused ea.sily and 
• A ^ llv definitely enlarged, the greatest circumference 

a llir'inclies. The fontanelles were tense and bulging. All the cranial sutures 
being A ^ separated. The frontal bosses were not prominent, and there was 

were ^ distention of the veins of the scalp. The upper lid of each eye 

very litt e, i upper margins of the orbit. There was 

showed ecc 5™ cervical rigidity. The pupils were moderately dilated, equal, 
slight, but ® fundi were normal, the vessels full, and there was no 
and reacted to i,, • weakness. The mucous membranes of the mouth 

choking. There was no faeml 
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out the course ia the hospital. The fontanelles remained soft and the marked 
separation of the sutures gradually disappeared. X-ray examination of the 
skull at the time of discharge from the hospital showed the sutures to he normal 
(Pig. 3). The baby was discharged from the hospital on Nov. 29, 1939, twenty- 
eight days after operation, having made a complete recoverj’’ (Pig. 4). 



FlSf. — Photosrapli of patient three months after operation. 


COMMENT 

Although there was no definite history of trauma in this case, the 
ecehymosis of the upper lids and the iircscnce of a moderate occipital 
eaput would Iciid one to suspect that .slight trauma was the most likely 
etiologie factor. Tlie prompt disappearance of blood in the lumbar 
■subarachnoid tluid following daily lumbar ptiuctures and the continued 
evidence of increased intracranial pressure indicated a coexisting lesion. 
Subdural heniiitonui was ruled out over the cerebral hemispheres by 
subdunil taps througii the coronal sutures. Ventriculography definitely 
located the lesion in the pasterior fo.s.sa. Fi’om this ea.se, I am fully 
convinced that early investigation of the subdural space and ventriculog- 
raphy are t»f prime importance in re.speet to diagnosi.s and localization. 
Delay may re.sult in serious damage to the rapidly developing brain, 
especially when the clot is in the posterior fo.vsa. Evacuation of the 
clot through a small trephine opening was selected (1) hecaase of the 
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Operation (Nov. 1). — Eth&r anesthesia; cerebellar position. Through a small 
somielliptical incision over the occipital region, the occipital bone over the right 
cerebellar hemisphere was exposed in the usual manner. A small perforation 
was made in the bone and this opening enlarged to expose the underlying dura, 
which presented the typical bluish appearance of an underlying clot. The dura 
was then carefully incised, exposing the outer wall of the sae of a subdural clot. 
The cyst wall was well formed, the outer wall adherent to the under surface of 
the dura and grayish in color. When the sac was incised, 25 to 30 c.c. of dark, 
reddish brown, rusty-looking fluid escaped. No solid clots were seen. Following 
the evacuation of the clot, close to the midline the arachnoid, forming the pos- 
terior wall of the cisterna magna, could be seen bulging to the mesial side of 
the sac membranes. The bulging arachnoid was pricked with a needle, releasing 
clear, slightlj’- xanthochromic fluid. The sac was irrigated rvith saline solution 
and the incision closed in layers in the usual manner, without drainage. The baby 
stood the operative procedure well, and immediately following the operation the 
fontanelles were sunken and there was a marked decrease in the separation of the 
sutures. 



and Treatment.— The infant was given 50 c.c. each of 
Fosioper sodium chloride solution immediately after the 

dtrated blood and ^ ventricular and 

)peratxon, an twelve hours after the operation. Sbghtly xantho- 

umbar punctures ^ ventricles and the lumbar subarachnoxd 

.Kromic salt solution and 15 c.c. of glucose was g.ven 

;pace. Infusion ! beginning two hours after operation. The 

3very half -hour for } p .fitful The temperature twelve hours after opera- 

postoperative cour. was unevcn^^^^^^ ,, through- 

tioa rose to lu- ^ 


NOTE ON STEAIGHTENING THE HYPOSPADIAC PENIS 
C. D. Creevy, JIinneapolis, Minn. 

(From the Urological Division of the Department of Surgery at the Medical School 
of the University of Minnesota) 

T his brief paper has been prompted by recurring statements in the 
literature to the effect that Duplay’s plastic operation, devised in 
1874 , is inadequate for correcting the ventral curvature of the penis 
associated with hypospadias; such a statement is usually accompanied 
by a description of a new method of dealing with the penile skin. 

Correction of the deformity depends not upon ivhat is done to the 
skin, but upon complete removal of the fibrous band beneath the corpora 
cavernosa. This band undoubtedlj'^ repi’csents a rudimentary corpus 
spongiosum urethrae which, by its shortness and attachment to the in- 
tact urethra behind, to the corpora cavernosa above, and to the glans 
penis in front, serves as tlie bow string which produces the characteristic 
ventral curvature of tlie penis. 

Duplay excised this fibrous band through a transverse incision between 
the external meatus and the glans, and closed Buck’s fascia and skin 
longitudinally. Dissatisfaction with the results of tliis metliod led 
Ilagner to correct the curvature by implantation of tubular Thiersch 
grafts transversely in the fibrous band between the corpora cavernosa 
and the ventral skin ; these were later cut througli to the ventral surface 
of the penis. Edmunds devised a two-stage operation in which a trans- 
verse buttonhole was made in the foreskin at tlie first session. Later the 
fibrous band was excised and the divided foreskin was utilized in a 
plastic closure. Mclndoe has recently stated that this method is often 
rcfiuired beeause of the inadequacy of Duplay's operation. Borchers 
has recently advocated slipping the penis under a double-ended pedicle 
graft of abdominal sldn just above the symjiiiysis. The ends of this flap 
are divided later. McKenna has e.\ci.sed the fiiirous band and implanted 
a pedicle graft from the scrotum into the ilefeet on the undersurface of 
the penis. 

The methods of Ilagner, Edmunds, and Borehers involve two opera- 
tions; tliose of Borchers and ilelvenna leave hairy skin in the area from 
wliieh the urethra must lie constructed; Cabot has found that the hair 
may continue to grow and become encrusted with urinary salts. Duplav’s 
method has neither of the.se disadvantages and, when properly done, 
achieves results as good a.s, or better than, any other procedure. TJiere 
IS always plenty of skin on tlie hytuispadiae penis to permit complete 
straightening it tlie librous band is e.xei.st*d eompletely, so that the type 
of .skill plastic is of very little moment. 

UctiKxU tor [.ubllcunon, Murch 0. 1910. 
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age of the infant and (2) because we know it is not necessary to remove 
the entire sac to eifect a cure. 


CONCLUSIONS 

1. Subdural hematoma in the posterior fossa in infants is rare, but 
can and does occur’ and should be kept in mind as a possibility in all 
eases of hemorrhage in the nervborn. 

2. In infants early bilateral subdural taps through the coronal sutures 
are justified and indicated to rule out subdural bleeding, especially 
where there are signs of rapidly increasing intracranial pressure. 

3. Ventriculography is a definite aid to localization, especially when 
the clot is in the posterior fossa. 

4. A symmetrical dilatation of the ventricular system develops when 
tlie clot obstructs the flow of the cerebrospinal fluid from the ventricles. 

5. Evacuation of the clot through a small trephine opening without 
drainage effected a cure in this ease. It is a simple procedure Avhich 
can be used to verify the diagnosis and to evacuate the clot at the same 
time. 

REFERENCES 


10 . 

11 . 

12 . 

13. 


Ingraliain, P. D., and Heyl, H. L.: Subdural Hematoma in Infancy and Child- 
hood, J. A. M. A. 112: 19S-20'1, 1939. 

Sherwood, D.: Chronic Subdural Hematoma in Infants, Am. J. Dis. Child. 39: 
980, 1930. 

Peet, M. M., and Kahn, B. A.: Subdural Hematoma in Infants, J. A. M. A. 
98: 1851, 1932. 

Rosenberg, 0.: Die Pachymeningitis hemorrhagica interna im Kindesalter, 
Ergebn. d. inn. Med. u. Kinderh. 20: 549-638, 1921. 

Ingalls, T. H.: The Role of Scurvy in the Etiology of Chronic Subdural 
Hematoma, Hew England J. Med. 215: 1279, 1936. 

Dandj^ W. E., and Kunkel, P. A.: Subdural Hematoma; Diagnosis and 
Treatment, Arch. Surg. 38 : 24-54, 1939. 

Putnam T. J., and Cushing, H.: Chronic Subdural Hematoma; Its Pathology, 
Relation to Pachymeningitis Hemorrhagica, and Surgical Treatment, Arch. 
Surg. 11: 329-393, 1925. 

NafiEziger, H.: Case 11, p. 381, in report of Putnam and Cushing.r 
Probst M.: Ueber Pachymeningitis cerviculis und iiber Pachymeningitis 
interna hemorrhagica bei chronisch fortschreitenden Verblundungsproces- 
sen in der Jugend, Arch. f. Psychiat. 36: 114-143, 1902. 

Neisser E and Pollack, K.: Die Hirnpunktion, Mrtt. a. d. Grenzgeb. d. 
Med.' u. Chir. 13: 807-896, 1902. 

Picken C. B.: A Case of Subdural Hematoma, Guy’s Hosp. Rep. 78: 30S- 
^**^0 19^8 

TeUnm P-' Chronic Subdural Hematoma; Summary and Analysis of 24 
Gases Collected Prom the Literature, With Report of Two Additional Cases, 
Arcli SuTff. 21r 1930. 

■^r ’-n • The Diacnosis and Treatment of Subdural Hematoma; a Report 

* ", e'3 J- 



CREEVY; STRAIGHTENING HYPOSPADIAC PENIS 


779 


apparent in several of my own eases in wliicii some curvature of the penis 
remained despite complete excision of the band, but disappeared after 
separation of the nretlira from the corpora cavernosa. 

Since Duplai^’s method of removing the remnant thi-oiigli a transverse 
incision between the meatus and the glans gives adequate exposure for 
carrying out this separation, and sinee longitudinal closure of this 
incision always leaves plenty of skin on the ventral surface of tho penis, 
there is no need to employ tlie two-stage operations of Edmunds, Hagncr, 
or Boreliers, or tlie one-stage metliod of SIcKenna with its use of hairy 
skin. 




Fijj. — A. L. boforo operation on Sept. S, 1039. 



FIr. 3. — A. Ij. two Inter. 


The result ol)tained in the most recent of a serie.s of twenty case.s of 
hypospadia.s will serve to support tlii.s <•<»!) lent ion. Tlic patient, A. L., 
l-iiiver.sity Ilosidtal \o. (itiPritili. aged 1.7 yrtivs. had the most extreme 
loriu of curvature that oeeiirs with /iy[)()spadias (Fig. 2). It was 
correeted hy Duplay’s method, moditioil only i)y extending the end of tlie 
transverse ineision in the .skin anteroiaterally along the ridges which 
marked the transition hetween {leiiile .skin mi'dially and serotal .skin 
laterally. Fig. I! deinon.st rales that perlVet straigliteiiing ha.s been 
obtained in one stage di'spile tlie e.xlreme ih-ioDiuty ; tlie ventral surface 
of the penis is eovered by hairle.ss .skin from whieh it is inleniled later to 
eon.stniet u new urethra by the method of Thiemeii and Cecil. 
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All additional Xactov in production of the curvatni’e is tlie fact (wliich 
is rarely mentioned in tlie literature) that the transition from normal 
urethra behind to fibrous rudiment in front is often gradual rather than 
abinpt. liiat is, in the majority of eases of hypospadias, the terminal 
poi tion of the intact urethra has a wall thinner and sliorter than normal 
and so itself contributes to the ventral curvature of the penis. 



1 —Duplay’s plastic operation, with the adilition of fleeing ami posterior (lis- 
placement of the uretlira, 

a, Incision ; band* 

Jemovai°of^the^band^nnTpreparation for posterior displacement of the external 

distance behind the meatus 1ms been freed from the corpora; 
f posISr displace, ucht of the meatus and closure of the fascia; 
closure of tlie skin. 

1 1 order to correct this curvatui’e it is therefore e.s.sential not only 
in rlmove absolutely all of the band from the posterior edge of the glans 
• + tim pvternal nrinary meatus, leaving the tunica albuginea of the 
-o cavernosa in this area comj>letc]y hare, hut tiLso, as I liave 
eorpoii ont to free the intact but deficient terminal portion 

p,,v,o...ly pointrf ,,iU.. 

of the me ^ extreme tyjip.s llii.s’ may mean 

„,.rfhv!i entirely from tlie penis. Tliis 1ms been perfectly 
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apparent in several of my own cases in which some curvature of the penis 
remained despite complete excision of the band, but disappeared after 
separation of the urethra from the corpora cavernosa. 

Since Duplay’s method of removing the remnant through a transverse 
incision between the meatus and the glans gives adequate exposure for 
carrying out this separation, and since longitudinal closure of this 
incision always leaves plenty of skin on the ventral surface of the penis, 
there is no need to employ the two-stage operations of Edmunds, Hagner, 
or Borehers, or the one-stage method of McKenna with its use of hairy 
skin. 




Fig. 3. — A. L. tu'o weeks iater. 


The result olitained in the most recent of a series of twenty cases of 
hypospadias will serve to support this eontention. The patient, A. L., 
University Hospital No. 669866, aged 15 years, had llie most extreme 
form of eurvature that occurs with hypospadias (Pig. 2). It was 
corrected by Duplay’s method, modified only by extending the end of the 
transverse incision in the skin anterolatcrally along the ridges which 
marked the transition between penile skin medially and scrotal skin 
laterally, Pip;. 3 demonstrates that perfect straightening has been 
obtained in one stage dc.spitc the extreme deformity; the ventral surface 
of the ]mnis is covered by hairless skin from which it is intended later to 
construct a new urethra by the method of Thiersch and Cecil. 
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sujijmary and conclusions 

1. Tlie single stage ijlastic operation of Duplay, devised in 1874, is, 
if properly performed, adecpiate for complete straightening of the most 
extreme degrees of ventral curvature oeeurring with hypospadias. 

2. Success depends, not upon the type of incision and closure of the 
skin, but upon complete excision of the fibrous rudiment of the corpus 
spongiosum urethrae, supplemented, when necessary, by freeing and 
posterior displacement of the intact urethra. 

3. An illustrative case (from a series of twenty) is reported. 
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HYPOSPADIAS 


Herbert Wiley Meyer, M.D., New York, N. Y. 

(From the Lenox Sill Hospital) 

H EEE are presented two cases of penoscrotal hypospadias in which 
the patients were operated upon nine and five yeai's ago, respec- 
tively. The 'first patient was operated upon in 1930 shortly after 
jMcWhorter had published the method he employed successfully.’- This 
method was based upon principles devised by Russell and published 
in 1900." Thompson improved upon this method and in 1917 published 
his procedure.^ 

Operations for severe hypospadias are notorious for the difficulty in 
effecting a cure. Innumerable procedures have been devised and can 
be found in textbooks and in the literature. The late results were usu- 
ally so uniformly poor that many surgeons abandoned operative therapy. 

The first of our two patients was presented as a cured case before 
the New York Surgical Society in the fall of 1933, and the case was 
briefly described in the Annals of Surgery in 1934. In 1933 Lyle"* 
published a method which had been devised by the French surgeon 
Ombredanne. This operation is called the Ombredanne -pouch opera- 
tion. It is a splendid method and at the time of our first operation 
was not known in the United States. It gives such excellent results 
that I believe it has been generally accepted by surgeons. Having 
obtained a most satisfactory result, however, in our first ease by Mc- 
Whorter’s method, we naturally handled a second similar case by the 
same method, eight months pi-e-vious to the appearance of Lyle’s paper. 
This second patient has also obtained a satisfactory result and there- 
fore it seems permissible once more to draw attention to the procedure 
which M'as employed in these two eases. 

The operation is somewhat more complicated than the Ombredanne 
pouch operation. The latter does not require a preliminary suprapubic 
cystotomy during the plastic repair. The advantage is partly effaced 
in my opinion by the fact that the final cosmetic and esthetic results 
are superior in the McWhorter procedure as compared to the Ombred- 
anne pouch operation. Certainly in some patients this is a point well 
worth considering. IMeWhorter advises a perineal urethrotomy in 
place of a suprapubic cystotomy. Prom experiences obtained in our 
two eases, I prefer the suprapubic cj’-stotomy. 

technique of OPEK.VriON 

The operation is divided into two stages. The finst stage con.sists in 
the release of the bent and bound-down penis and division of the 
fibrous bands holding it down in nature’s attempt to bring the abnor- 
mal ur ethral opening at the base of the scrotum to the tip of the penis 

Received for publication, AlarcU 19, 19-10. 
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w’ transverse incision must be made just below the o^ans 

that the penis can be extended. This transverse incision is sutured 
longitudinally bringing 4 to 5 at the center of the defect. This then 
oims a normal shaft of the penis. The result of this procedure in the 
second case IS shown in Mg. 9. Upon the eonipletL of 

p nation the urethral opening is approximately 2 to 2i/o inches from 
tne tip 01 the penis. 



j Penoscrotal Jiypospaclias. Probe has been placed in urethral opuninfi:. 

Following this procedure one must wait a long time until all post- 
rative induration has completely subsided and the thick skin of the 
nis is again soft, pliable, well-nourished with blood, and otherwise 
1 normal. This takes many months, and the longer one wait.s, 
^h ^b*^tter is the prospect of success in the second stage of the procedure. 
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The second stage constitutes the construction of a new urethra. At 
this time a suprapubic cystotomy is perfoimied as a preliminary pro- 
cedure. The new urethra is a tube lined with skin, fashioned from the 
shaft of the penis and prepuce, which will connect the cutaneous open- 
ing of the urethra with the tip of the glans where the urethral opening 
normally should be. Part of this newly formed tube is buried subcu- 
taneously and the distal part is buried within the shaft of the penis to 
emerge normally at the tip of the glans. 




Plsr. 2.— Diagrammatic drawing allowing transverse incision made to free hnnnri- 
down penis. .1 is brought to B in suturing the transverse incision vertically in order 
to form a shaft of the penis. uiuei 


As .sliown in Fig. 4, a collar of skin is fashioned from the redundant 
prepuce, about 1 to 1.5 cm. wide, leaving it attached at the undersur- 
lace of the penis. This is lifted over the glans of the penis. The fur- 
ther lines of incision are parallel and run posteriorly to a point about 
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Denis ai shown ‘ rie°iihr'"“l “e gtas 

tl-at.the penis ^ e.,e„fef This “ ^ 

iongihidinaliy, bringing el to S at tl„ f”"'™ ™isioa is sutured 
totaas a nortn., shaft o‘f “ L'!”*" '™is then 

second case is shown in Fi^ 9 ‘ tA ^ ‘ P^^edure in the 
opemtion, the nrethral openino- \ of this first 

the tip of the penis. “ appioximately 2 to 2i/o inches from 



Fiff. l.-Peno.scrotal hypospaaia.t. Probe htus been placeC in urotbnil opening. 

Following this procedure one must wait a long time until all post- 
operative induration has completely subsided and the thiek skin of the 
penis is again soft, pliable, well-nourished with blood, and otherwise 
entirely normal. This takes many months, and the longer one waif.s, 
the better is the prospect of success in tiie second stage of the procedure.' 
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In the first case we used fine needles and No. 000 catgut. No. 0000 
catgut would have been better. From experience in this case and 
trouble encountered in the convalescence by the extrusion of some of 
the catgut knots, I advise the use of the finest needles and'finest silk, 
such as are used in blood vessel surgery. This suture niatek-ial conies 





Pig. 1. — Showing tlie steps used to form the tubed uretliral channel with skin on 
tlio inside. This tube as shown is drawn through the shaft of tlie penis and is then 
buried under tlie skin sutured over the tube. 


all prepared and makes the smallest openings in the skin and allows 
better skin edge approximation. 

The eentral opening in the collar of skin lifted off the prepuce is 
also sutured, thereby making an entirely closed canal and tube. At a 
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1 eiu. behind the nvetiu'al oj)ejiiiigf. Here they sve joined teaiisversely. 
The incisions are deepened until they pass through the thin skin and 
are then dissected mesially along the shaft of the penis for a short 
distance only, leaving enough skin attached to the penis to furnish 
blood supply for the raised haps. The remaining attached skin thereby 
forms the bed of the nendy formed tube, while the raised portions form 
the lateral walls and roof of the urethra. 



Uv startinc^ posteriorly and most meticulously suturing skin edge to 

skm edge wi o„tside, slowly covering over and en- 

inside and raA „,,pn;no- The skin is, of eour.se, very delicate (al- 






Pig. 5. — Case 1 at end of operative repair. Shows excellent urethral stream emerging 
normally from tip of penis. 
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point where this tube completely separates from the shaft of the penis, 
a canal is made through the shaft of the penis by plunging a narrow- 
biaded scalpel from the tip of the glans between the corpora cavernosa 
to the undersurface of the shaft of the penis, just in front of the at- 
tached portion of the newly formed tube. This canal is stretched with 
a small hemostat and the tube is pulled through this canal so that it 
emerges at the tip. 

This urethral tube must now be buried and covered over with skin. 
This is done by undermining the lateral skin margins slightly and 
suturing these skin flaps across the tube with a most meticulous suture 
line in the center of the shaft of the penis. If there is any tension on 
the suture line, lateral or dorsolateral, relaxing incisions must be made 
through the skin of the shaft of the penis so that primary union of the 



Pig. 11, — Cast* 2. showing excellent shaft of penis with stream of urine comin" nor- 
mally from tip of penis. ^ 

suture will ensue. These relaxing incisions will also help to avoid 
postoperative edema. The skin tube is allowed to emerge slightly 
beyond the surface of the glans and is cut obliquely to avoid circular 
stricture formation. A few sutures through the glans and tube ed^e 
will hold the tube in place and prevent it from drawing into the shaft 
of the penis. 



m 




















Fig-. 10. — Case 2, at end of sorrtn.T .„J 

formed and buried under skin, Urethril^f f opprafion w/jen i,f *t 
U.e wa. to the enh. where urethnr opTi^ 



AN IMPROVED APPARATUS FOR TIDAL DRAINAGE OP THE 
URINARA" BLADDER AND EMPYEIMA CAAHTIES 

Carroll J. Bellis, M.D., Minneapolis, Minn. 

(From the Department of Surgery, University of Minnesota Medical School) 
IRRIGATION OF THE URINARY BLADDER 

ATEUROGENIC Vesical Dysfunction . — Urinary sepsis, originating in 
A \ the bladder and urethra and extending into the upper reaches of 
the urinary tract and gradually destroying the kidneys, is the most com- 
mon and fatal sequel to spinal cord injury. The extending infection is 
directly attributable to either (a) repeated instrumentation of the 
urethra coincident with repeated catheterization or (b) interruption of 
the neurophysiologic cycle of intravesical pressure and urinary expulsion. 

The accepted teachings of Sherrington^ assign a postural tone to the 
normal detrusor muscle, permitting an isotonic filling of the bladder to 
a pressure of from 6 to 10 cm. water. When the intravesical tension is 
from 10 to 14 cm. water, desire to void is felt. The tension has been 
shoivn cystometrically to rise rapidly from that point so that, when the 
bladder contains from 200 to 400 c.c., a pressure of from 20 to 30 cm. 
water exists. 

Neurogenic vesical dysfunction results from lesions of the brain, 
peripheral nerves, spinal cord, or of the intramural ganglia through 
injury or destruction of the centers for bladder function or of their 
afferent or efferent pathways. This occurs in central nervous system 
lesions such as tabes dorsalis, cord tumors, cord trauma, multiple sclero- 
sis, subacute combined degeneration, syringomyelia, spina bifida, and 
infectious and traumatic myelitis. It is also seen in bilateral frontal 
lobe and caudate nucleus lesions. In neurogenic vesical dysfunction, 
desire to void is not felt until the intravesical pressure is higher than 
that normally adequate (Creevy-' ®). The resulting constant elevated 
pressure leads to capillary stasis in the bladder wall and atrophy of the 
detrusor muscle with retention through lack of expulsive force. At ab- 
normally high intravesical pressures, bladder contractions expel urine 
ivithout the attending desire to void, this state being known as para- 
doxical or overflow incontinence. The retained urine causes an addi- 
tional pressure anesthesia of the bladder wall augmenting the degree 
of retention. 

Creevy has recommended the use of conservative measures for the 
treatme nt of neurogenic vesical dysfunction. These are (a) voiding “by 

Kccclvod for publication. March 5 . 1940. 
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The cii'ciilar denuded collar of the prepuce is now sutured just the 
same as one does in an ordinary eireumcisiou. Detail and exactness 
in suture and gentleness in liandling the tissues with the finest of in- 
struments are vital for success in healing. 

The suprapubic fistula should be used for fully twelve to fourteen 
days before any attempt is made to allow the patient to void or until 
any disturbance in wound healing has been completely overcome. If 
there should be any leak due to improper healing, a revision is required 
at the site of the leak. It is important, therefore, that the suprapubic 
fistula be maintained until one is sure of a successful outcome. In the 
aftercare it is wise to pass sounds through the skin tube for the first 
year or so at biweekly intervals in order to make sure that no stricture 
develops in the urethral tube (Fig. 10). 

In the first case it is now nine years since operation. The young man 
has grown to nianliood and every accompanying function has developed 
normally. The right undeseended testicle (Fig. 3) suddenly descended 
into the scrotum during an attack of severe pain following some injec- 
tions of antuitrin S. The urinary sti’eam is perfectly normal (Fig. 5). 
Fig. 6 shows the present absolutely normal appearance of the external 
genitals. 

In the second ease it is five years since operation and tin's boy also is 
normal in appearance and function, but he is still in the adolescent 
period (Figs. 7-11). 

Granting that the Ombr^danne pouch operation is possibly the simpler 
procedure with a greater probability of early success and shorter eon- 
valeseenee than the McWhorter type of operation, I still feel that the 
successful outcome of the cases described here warrants the addition 
of this procedure to the surgical armamentarium. Failure to cure a 
patient with marked hypospadias will only lead to unhappiness and 
inferiority complexes for the unfortunate individual. 
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bladder. Recently, Myers^- has describedl an automatic bladder irrigator 
which delivers a definite quantity of irrigant to the bladder, regardless 
of the intravesical pressure. Vary’^ has described a somewhat com- 
plicated tidal irrigator which has many functional advantages. Munro 
and Hahn,^^’ however, designed an excellent bladder tidal irrigator 



Tklal tUainagc apparatus. /. irrigant; D, drip regulated by screw damn* 


pre-eminently for use in spinal cord injuries. Through prompt use of 
this apparatus, they were able to reduce urinary sepsis in cord injuries 
from 73 to lo per cent. The accurate adjastment of the component 
parts of their apparatus, however, and the diilienltios often accomnanv- 
nig Its jiroper function have often been troublesome. 
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the cloek”^ at replar and frequent intervals, (b) cholinergic drugs 
(eserine, pilocarpine, and acetjdbetamethyleholine chloride), and (c) a 
combination of (a) and (b) with intermittent catheterization. Where 
complete bladder rest is desired, it is accomplished by eystostoniy. In 
addition, he^ has pointed out that mechanical obstruction to urination 
so slight as to cause no symptoms in the normal bladder may lead to 
retention or ovei'ilow if only mild neurogenic dysfunction exists. 

Cystitis. — ^IVhere tlie bladder has become secondarily infected due to 
an indwelling catheter or as a sequel to radium therapy for carcinoma 
of the cervix with a succeeding Wertheim operation, frequent irrigation 
of the bladder at low pressures is imperative. Often, howevei*, ej^stitis 
is present in association with carcinoma of the cervi.x prior to therapy. 
Bladder infections produced through these or hematogenous agencies 
may be effectively treated by specific peroral chemotherapy where the 
etiological bacteria are identified. In addition, the local application of 
these antiseptics is beneficial when they are applied as irrigants. Eeg- 
ular frequent irrigations assist in removal of secretions and reapplica- 
tion of fi’esh antiseptic solution. 


■m- 


THOKACIC EJIPYEJIA 

Carlson® and Carlson and Bowers® have emphasized that five pri: 
eiples govern the treatment of thoracic empyema: 

1. Adequate drainage. 

2. Avoidance of early open pneumothoi’ax. 

3. Eapicl sterilization of the diseased area. 

4. Early obliteration of the cavitj^ by e.xpansion of the lung. 

5. Good medical care and nutrition of the patient. 

In the meta- or postpneumonic types of thoracic empyema, aspiration 
is continued until the pus is too thick. Then dependent drainage is es- 
tablished through an intercostal catheter. Frequent iimigation of tlie 
empyema cavity facilitates the free drainage of pus, washes and sterilizes 
the cavity walls, and digests tlie exudate on the visceral pleura which 
restrains the lung in its natural tendency to re-e.xpansion (Wangen- 
st66Il^ ) • 

The use of a water-sealed suction at a negative pressure of from 10 to 
30 cm. water to re-expand the lung has been stressed by Wangensteen. 
Where the pleura is thick, adequate drainage by suction alone cannot 
be obtained. Dilution of the exudate by an irrigating fluid I’endei-s the 

tive pressure more effective. Plugging of the intercostal catheter 
vemiires washing out of the catheter in situ or replacement. Heretofore 
it has been the practice to manually irrigate and aspirate the mtereo-stal 
Latlleter at frequent intervals. 

APmVRATUS 

fs 10 -id Darns” were among the first to sugge.s-t u.scfnl decom- 

’ ' /• ..mnriiKT devices for tlioracie empyema and the urinary 
pression and ungatm,. 
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111 its place, the apparatus shoivii in Fig. 1, in use in tlie University 
of Minnesota Hospitals, is suggested for tidal irrigation of the bladder 
01 empyema cavities. The irrigant (Z) is placed in a suitable I’cservoir 
at least 75 cm. above the level of the cavity to be irrigated. It is delivered 
at the rate, usually, of from 40 to 60 drops per minute, the delivery being 
increased or decreased according to the frequency of desired drainage 
periods. The fioiv is regulated through the drip (H) by a screw clamp ; 
the drip must not contain an air vent. Entering one vertical arm of a 
three-outlet glass Dakin’s tube, the solution passes through the horizontal 
arm to the indwelling catheter. Through the other vertical arms, the 
irrigant is diverted, respectively, through a siphon (S) of flexible rubber 
intravenous tubing and a vertical glass tube (di) about 0.6 or 0.7 mm. 
in diameter which serves as an air vent and manometer. At the bottom 
of the air vent, a valve (F) is interposed. This consists simply of one of 
the glass Dakin’s tube outlet tips which has been fused to a capillary of 
a diameter just sufficient to admit the point of a common pin. Tlie 
height of the siphon is adjusted to the desired pressure (PP) at which 
the bladder or empyema cavity is to be filled to initiate siplionago by 
fastening its upper curve at the desired lieight above the bladder or 
intercostal catheter. The level of the pubis and the point of entrance 
of the intercostal catheter into the chest are respective convenient land- 
marla for zero points. The distal portion of tlie siplion empties into an 
open drain bottle. 

The process in the ordinaiy course of events consists in a simultaneous 
flow of irrigant into the bladder or chest and up the proximal arm of the 
siphon to the level of the filling pressure at Avliich the arcli is set, and 


through the valve into the vertical air vent. When fluid overfloAvs the 
arch, siphonage is instituted, rapidly draining the bladder or pleural 
cavity. However, fluid is siphoned from the air vent very slowly, due 
to the interposed valve. The viscus is thus emptied before the siphon 
is broken by air coming through the vent. By adjusting the rapidity of 
floAV through the drip or the filling pre.ssure, each cycle may be made 
to vary from a few minutes to one or two hours. The apparatus is 
functioning properly when rcspiratoiw excursions are visible in (he air 
vent or in the proximal arm of the siphon. Where suction is (o be 
instituted in thoracic empyema, the in-igator is discontinued, and (he 
suction outlet is connected to the intei-costal catheter. 

A “reservoir,” wasting its volume of irrigant at ewry cycle, is thus 
eliminated. In addition to the few connections, it is not ncce.ssary to 
■ «vtvnordinarv attention to the size of the tubing. The opening m 
irvalve must be so small that the viscus will empty heforo the vertical 
A = mv vent is cleared during .siphonage. The rubber connections arc 

p„Sn oI an eye daoPl-C' be t,..,e,l .aa a valve. 
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For the bladder the irrigant is ordinarily saturated boric acid solu- 
tion, but may be replaced by silver nitrate, potassium permanganate, or 
other antiseptics for tidal irrigation of the infected bladder. In the 
latter ease, only low intravesical pressures should be used, the siphon 
arch being elevated to not more than from 4 to 5 cm. above the pubis. 
For pleural irrigations, physiologic saline solution or Dakin’s solution 
is commonly used at a filling pressure of less than 10 cm. water. 

DISCUSSION 

The common term “cord bladder” refers to a bladder Avhich functions 
abnormally due to disease or injury of the spinal cord. This state is 
properly called neurogenic vesical dj'^sf unction, and, in its management, 
tidal drainage diminishes the urinary sepsis attending the use of the 
indwelling catheter. According to Munro, these bladders pass through 
thi’ee definite stages if the lesion is above the sacral segments. Hema- 
tomyelia or edema at any level or incomplete cauda equina lesions intro- 
duce a fourth stage. 

1. The atonic bladder is due to an areflexia occurring immediately 
after injury to the cord during the period of spinal shock. The capacity 
of the bladder allows extreme distention, the external sphincter being 
under neither voluntary nor reflex control. Tidal irrigation at an 
intravesical pressure of from 2 to 5 cm. water is recommended here. 

2. The autonomous bladder invariably follows the first stage, and, in 
addition, is the end stage in complete destruction of the sacral cord or 
eauda. Despite the persisting external areflexia, the intramural reflex 
control of the detrusor muscle and internal spliincter allows intermittent 
emptying with a storage capacity less than that of the atonic bladder. 
Central inhibition is, of course, absent here, and tidal irrigation at an 
intravesical pressure of from 10 to 15 cm. water is recommended. 

3. The hypertonic bladder is manifest in all cord injuries except those 
of the sacral segments and cauda. The segmental spinal reflex activity 
has been re-established in an uncontrolled manner, the bladder emptying 
at irregular intervals. The storage capacity is less than that of the 
autonomous bladder. 

4. The uninhibited reflex bladder operates independent of central 
inhiliition of Avhieh it has been dcpriA-ed. It empties incompletely 
through a local stretch reflex, the retention favoring a tendency toward 
total reversion to the atonic bladder. 

I he differential diagnosis of these types is made by cystometry, the 
cystomotrograms being easily made Avith the apparatus described here- 
with and compared Avith the normal curve. By varying the intraA-esica! 
pressure of the tidal irrigator as the bladder passes through the stages 
outlined, urinary stasis is obviated and the infection conseauent to Hio 
indwelling catheter circumvented. 



796 


SURGERY 


In thoracic empyema, adhesions forming between the visceral and 
parietal pleura contribute resistance against collapse and mediastuial shift 
produced by the positive pressure of the atmosphere. When this stage 
has been reached, signalized by the changing of thin pus to liighly 
viscid exudate, intercostal catheterization or open drainage may be safely 
instituted. AVe have found such pus to contain from 50 to SO per cent 
protein. 

Tidal irrigation assists in dihiting the thick pus and in its removal. 
It contributes to sterilization of the cavity by frequently washing away 
secretion and introducing antiseptics. Only in this manner must it be 
considered as aiding in re-expansion of tlie lung. In a somewhat similar 
manner, blowing exercises aid in re-expansion of tlie lung. The increased 
intrapulmonie pressure attending blowing against resistance has no 
effect whatever upon the intrapleural pressure of the thoracotomized side. 
Its only asset lies in the fact that during the act it maintains the lung 
distended while the contraction of the thoracic expiratory muscles 
decreases the volume of the pleural space and forces pus through the 
thoracotomy. Thus, blowing exercises have tlieir only virtue in very 
slightly stretching adhesions during the preliminary deep inspirations, 
facilitating mobilization of the lung. Drainage, irrigation, or blowing 
exercises are virtually ineffecti%'e in re-expanding the lung, a task 
effectively discharged bj" continual suction applied to the ijidwelling 
thoracic catheter. 

SUMMARY 


The effects of neurogenic vesical dysfunction upon the emptying 
mechanism of the bladder are described insofar as the pliysiology of 
micturition is known. The neurophysiologic alterations of the detrusor 
muscle and sphincter control attending spinal cord injuries are briefly 
reviewed. The effects of irrigating thoracic empyema cavities arc 
enumerated, and the advantages are discussed. A simplified apparatus 
for tidal irrigation in neurogenic vesical dysfunction, for irrigation of 
the infected viseus with undisturbed central control, or of thoracic 
empyema cavities is described. 
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pubic ot transurethTal proeediires. Continued hemoTrhage following 
transiu’ethi’al resection wdth blockage of the catheter by clots I'esults in 
distention of the bladder, and tecluiieal procedures to aspirate and free 
the bladder of blood may result in infection, pyelonephritis, and other 
serious complications. Continued hemorrhage following either perineal 
or suprapubic prostatectomy may also sometimes necessitate aspiration 
and irrigation and even reopening the incision and insertion of pacivs 
into the vesical orifice. Such a complication may be followed by shock, 
or local infection of the wound or bladder with delaj’^ed healing and 
aetuallj'' acute or subacute pyelonephritis and septicemia. It is possible 
that marked hypertension with rigidity of the walls of the arteries sup- 
plying the prostate might tend to prolong bleeding following removal 
of the adenomatous pi’ostate. There seems indeed to be considerable 
variation in the vascular supply of individual prostates. In some eases 
complete removal of a large adenoma by the perineal route is practically 
bloodless, while an identical ease ■will show a tendency to considerable 
vascular oozing, necessitating suturing the vesical neck, packing of the 
wound, or insertion of various types of traction bags. The majority of 
the bleeding following perineal prostatectoniiy seems to come from the 
margin of the vesical orifice which is well illustrated in Fig. 1. Bleed- 
ing from the prostatie capsule or from the prostatic tissues is usually 
slight and of no consequence. 

One of the main advantages of perineal prostatectomy is that the 
operation is carried out under vision and it is not difBeult to determine 
the source of hemorrhage. I have yet to encounter any hemorrhage 
which has not been readily controlled at operation except that from the 
margins of the i-etraeted vesical oi'ifiee. By x^se of px’oper methods, one 
of which is described here, hemoi-rhage following perineal prostatectomy 
can be kept to a minimum or entirely controlled. In the recent repoi't 
referred to above, transfusion because of postoperative hemorrhage was 
necessary in only 4.7 per cent of the cases following prostatectomy. 

The pi’evalent method of controlling hemorrhage following prosta- 
tectomy on the ward service six years ago was either by packing the 
vesical orifice xvitb gauze or by means of a Davis traction bag. These 
methods have gradually been abandoned in favor of simple sutures into 
the vesical orifice so as to approximate the vesical orifice to the prostatie 
capsule. Statistics on the xvai’d seiwice iix about 500 eases have shoxvn 
tiiat in tlie hands of the residents there have been distinctly better re- 
sults with less complications and shorter healing time of the perineal 
wound if the vesical orifice was sutured. With this apparent distinct 
advaxxtage following the ixse of suturas, the only complication I have 
been able to discern has been occasional postoperative hemorrhage which 
has sometinxes necessitated packing or insertion of a rubber bag into the 
wovuul. This hemorrhage apjxarently occurs from the margin of the 
vesical orifice and is due to failure of the typo of sutures used. The 
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orifice is included by the sutures. At the same time these modified 
sutures have reconstructed the vesical orifice in a manner similar to that 
present in the normal. A description of the technique is as follows: 

Routine perineal prostatectomy, according to the technique described 
by Young, has been carried out in the clinic and needs no reiteration 
here. It should be emphasized, however', that, in order to facilitate the 
proper use of the sutures, the sux'face of the prostatie capsule should 
have adequate exposure and the inverted V-incision should be slightly 
wider and larger than usual. This makes the placing of the sutures, to 
be described, less difficult. Pig. 1 shows the various steps I have found 
advisable in cases in which there seems to be an unusual amount of 
vascularity at the vesical orifice in order that postoperative hemorrhage 
may be kept to a minimum or entirely controlled. In Pig. 1, 1 shows 
the prostatic cavity immediately following thorough removal of a large 
adenoma. The vesical oi'ifice is pulled well into view by two long 
tenaculums which have grasped it anteriorly and posteriorly. The 
adenoma has been cleanly cut from the vesical orifice and posterior 
urethra by means of seissoi's. 

By means of a boomerang needle, the long double suture of No. 1 
plain catgut has been pulled through the vesical orifice in the region of 
2:00 o’clock. This suture is shorvn with Young’s boomerang needle 
just before grasping it and pulling the same suture through the vesical 
orifice in the region of 8:00 o’clock. These sutures are taken rather 
deeply into the vesical orifice so that they will include any retracted 
open vessels that might be on the bladder side. The placing of this 
suture may be sometimes awkward because a complete length of catgut, 
even though doubled, is not quite long enough. This can be remedied 
by tying two lengths together before beginning the procedure. In 
Pig. 1 (.2) the double suture has now been pulled through the vesical 
orifice both in the region of 10:00 and of 8:00 o’clock, following which 
a single strand of the double suture which transverses the vesical orifice 
has been grasped and pulled through the vesical margin in the region of 
10:00 o’clock and the boomerang needle is shoxvn in the act of pulling 
the remaining strand across the vesical orifice through the margin in 
the region of 4:00 o'clock, following which the sutures are divided at 
the points labelled 5, 3, and 4. The situation after these sutures have 
been cut is shown in Pig. 1 (3). There are shown four individual 
sutures at the vesical orifice which are indicated as anterior, posterior 
right and left lateral. As will be seen in 3, each strand of the left lateral 
suture, for example, goes through the same needle hole in the vesical 
orifice as the adjacent anterior and posterior suture, so that no vesical 
orifice margin is left between in which there might exist a spurting 
artery. The four .sutures, therefore, include the entire 360 degrees of 
vesical orifice. In Pig. l -i these four sutures have been pulled throimh 
the corresponding areas in the prostatie capsule, following which°a 
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urethral catheter and a small perineal drainage tube are shown in place. 
It toU be noted that the anterior suture has been placed far anteriorly 
in the prostatie capsule so that when it is tied the anterior lip of the 
vesical oi'ifice is pulled down on the anterior surface of the catheter and 
the anterior margin of the vesical orifice will then very closely approxi- 
mate that of the divided urethra. The portion of the prostatic cavity 
where the anterior prostatie commissure and urethra once existed is thus 
obliterated. The lateral sutures are next tied as shown in Pig, 1 (a). 
The last procedure is to tie the posterior suture which ligates the ejacu- 
latory ducts. After tying the sutures, a single strand of each is divided 
as shown in Pig. 1 (5). In 5 it can be seen that the single strand of 
posterior suture has been tied to the anterior and the two laterals have 
been tied across the midline. The tying of the posterior to the anterior 
has carried forward the tip of the inverted flap and reapproximated it 
into its original position with the tube coming out one of the limbs. 
Sometimes a small single suture is placed on the opposite side of the V 
as shown in Pig. 1 (ff) to close completely the prostatie capsule except 
at the point where the tube emerges. Witli tliis type of closure the 
vesical orifice is thoroughly circumscribed in its 360 degrees and is pulled 
down into the cavity of the prostatie capsule, very near to the stump of 
the membranous urethra. This tends to produce early obliteration of 
the prostatie capsule and leaves only a very short bridge for the regen- 
erating mucosa of the vesical orifice to transverse before it meets the 
mucosa of the membranous urethra. The perineal tube is withdrawn 
at the end of twenty-four or forty-eight hours according to Aviiether or 
not perineal drainage is necessazy because of infection, etc. The re- 
mainder of the perineal wound is closed according to the usual tech- 
nique, which consists of pizlling the levator aizi muscles togctlier witli 
plain catgut and sutui'ing the perineal skin with interrupted waxed silk 


or catgut sutures. 

Nnmerons methods for handlizzg the vesical orifice, jzrostatie capsule, 
and perineal wound by means of sutures, all of whicli ha^-o undoubtedly 
^iven good results, have been reported by Young. Wildbolz, Hinman, and 
others” In my hands the present technique has been veiy satisfaefoiy 
and it is believed to eliminate greatly the possibility of hemorrhage and 
■it the sanze time to effect a nozmzal anatoiziieal I'cconstruction of the 
trostatovesieal relation.ship.s. I have had no difficulty iu iii.sertiuf? 
sutures aeeoi'ding to the method desci-ibed and the entire operation, in 
lost cases has been carried out in about thirty minutes. There ha.s 
n no uostoperativo hemori-hagc in any in.stanee.s and this type ol 
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scoped a patient on the eighteenth day with both the Young and Mc- 
Carthy cystoseopes and found the mucosa and vesical orifice to be nor- 
mal in every way except for some hyperemia. There were no denuded 
areas between the membranous urethra and the bladder and entire 
healing of the mucosa of the prostatie urethra had taken place by the 
eighteenth day. The procedure has been carried out a number of times 
in private eases with entirely satisfactory results and it is advocated as 
a valuable method following perineal removal of the benign prostate in 
cases where there seems to he an unusual amount of vascularity and 
tendency to hemorrhage. 
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THE PRINCIPLES AND THE PRACTICE OP THE RADICAL 
OPERATIONS POE HERNIA 

Prop. Dr. Eugexe Polya, Bud.ipest, Huxg.ujy 

I. GEXER.VL PRIXCIPLES 


’’ I ''HE main purpose of eveiy I’adieal opei’ation for hernia is to restore 
the integritj' of the abdominal Avail and its resistance in places 
Avhere it is likely to yield to intoa-abdominal pressure. TJiere are gen- 
erally defects of the musculature or the aponeurotic structures, or both, 
where the resistance of the abdominal Avail to intra-abdominal pressure 
is impaired. Indirect inguinal hernias not infrequently deviate from 
this rule. The muscles are Avell dcA'eloped and the aponeurosis fault- 
less so that even lai-ge hernias of this kind can be cured by high liga- 
ture and removal of the sac alone (Kocher’s method). Frequently, 
hoAvevei", one finds Aveak muscles and an unsatisfactory aponeurosis 
even in congenital hernias, and then ein-e by simple ligature of the sac 
is impossible. In these eases of indirect inguinal hernia the reconstruc- 
tion and strengthening of the abdominal Avail is as necessary as it 
alAvays is in direct inguinal and in all other forms of hernias. 

The closure of the defect of the abdominal AA-all is undoubtedly the 
most important part in the radical cure of the hernia, but the extirpa- 
tion of the hernial sac and its high ligation must generally precede it. 
HoAvever, the latter procedure may be unnecessary in eases in Avhich 


there is only a diffuse protrusion of the peritoneum. In such cases 
even the opening of the peritoneum can be avoided, but the protruding 
peritoneum must be carefully freed of all its adhesions, and the mar- 
wins of the hernial defect of the abdominal Avail clearly exposed before 


its closure is begun. 

The closure of the abdominal defect ensures radical cure only Avhen 
it is complete and AA'hen the permanency of the broad contact of the 
structures united by the sutures is assured. 

In order to do this, the folloAviug rules must be constantly regarded : 

1 AA’oid all tension aa'Iicii suturing. 

2 Imbricate the layers Avhich close the defect. 

3 Take care that the AA-eak places in different layers do not overlap 
each other, but are covered quite reliably by otlmr layers. 


u THE IJIPOBT.VXCE -VXD THE MEAXS OF RELIEVIXG TFASSIOX 

of all tension and stretching of tissues Avhen uniting 
The rule for the radical cure of hernias; with- 

them AVit s pennanent results. Keeping this rule is 

out this one . - the strong and permanent union of the 
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There is a general false belief that the different sti’uctures united 
during the operation are held together by the sutures. "Whereas this 
may be true for a short time after the operation, the permanency of 
the condition created by the operation is ensured only by the sear 
tissue ■which firmly unites the structures which were sutured to each 
other. This scar formation surely takes time, and the sutures must 
keep the united structures in contact while this occurs. If the sutures 
are torn or become too loose before strong adhesions between the 
united structures are formed, disunion of the suture line and recur- 
rence may result. However, it should be realized that, even if the 
sutures are not resorbed and not torn or the knots untied, they do not 
constantly keep the tissues as tightly together as they did immediately 
after the operation, because they cut through. The greater the pres- 
sure they exert on the tissues, the earlier and the more likely will this 
occur, because the greater will be the extension of the aseptic necrosis 
which every stitch produces in the Imng tissue. Therefore, the greater 
the stress when tying a suture, the greater the .probability of its early 
loosening or complete cutting through, even under perfectly aseptic 
conditions. Thus, care must be exercised to avoid too great tension 
upon tissues, too much when uniting them, and too great force ivhen 
tying the sutures. 

The stretching of the tissues and the pulling of the sutures can be 
avoided only if there is no tension, when the structures which should 
he united can be brought easily into contact with each other. This is 
desirable for the broad contact of the tissues which must be coaptated. 
This is a very important safeguard for the security and permanency 
of the cure. It not only prevents the loosening of the sutures, but it 
also eliminates the bad consequences of such an occurrence and ensures 
a broad and firm adhesion of the structures which were brought into 
contact by the operation. This is of particular importance when fascias 
or aponeuroses are to be sutured. They are not only very thin, but 
also have a very scanty blood supply and therefore the approximation 
of their edges with each other or Avith any other structure results in a 
thin and Aveak scar. Only the coaptation of broad surfaces may pro- 
duce a reliable union. This can be done by mattress sutures or simple 
sutures, Avhich fasten one margin of the Avound to the surface of the 
aponeurosis at some distance fi-om the other margin of the Avound 
(Pig. 1). 

The degree of tension in different oases and types of hernias is de- 
pendent on vainous factors -. 


1. The general condition; i.e., the tenseness or flabbiness of the ab- 
dominal Avail. Tlie flaccid abdomen of a Avoman Avho has had several 
children often alloAvs easy closure of such defects Avhich Avould present 
great difllcnlties if the patient Avcre a man or a young "irl 
2 The localization of the defect. Defects of large size present Gen- 
erally much greater difllcnlties if they are localized in the epigastdum 
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than anywhere else. This is caused by tlie insertion of the broad ab- 
dominal muscles on the ribs. These are very near the epigastric defects 
and hinder the stretching of the aponeurotic structures of this region, 
which consist only of the tendons of the external and internal oblique 
and the transverse muscles, 

3. rudividua! coinlitions depending chietiy upon the size and the 
torm of (he defect and the character of its surroundings. 

a. Other things being equal, the larger the defect, the greater the 
tension, but otiier lactors are generally of more importance and if these 
are favorable very large defects often can be closed very easily and 
without any stretching. 

b. The form of the defect is of importance in deciding upon the 
techni(iue of closure because the tension of the tissues varies in differ- 
ent directions and by elioosing the right dii’ection for eoaptating the 
tissues one may lessen tlie difficulties considerably. 

e. The condition of the tissues surrounding the defect may influence 
their iisefulne.ss as plastic material as well as the possibility of their 
mobilization Avhieh may be required to overcome tension. 
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T-i., 1 ntmlication of the aponeurosis, i/. Upper margin of tlie wound of the 
^ lower margin ; after tying the sutures the upper margin is covered by 
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III. JIEANS OF OVERCOMIXG TF..XSIOX 

This can be done principally in two ways ; (1) by satisfactory mobili- 
zation of the tissues and (2) by elioosing the correct method for their 

coaptation. unnecessary dissection and waste of tis- 

Bccanse t considered first. Different tissues bear different degrees 
sue, It maj flifferenees in the tissues which may be used 

of stress. defects, depending upon different types of hernias, 

for closing lei ‘ differences in the same kinds of hernias. 

There are also in especially in recurrent hernias and in 

These may be veiy o 
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tamion.1 heraks which all develop in poetopevative scars and may 
therefore require individual measures. . , of the 

djrt:dewrrh:rredf^^^^ 

purely geometrical and physical considerations. 
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■urien by the HKl'rone" fl if, %v.mr,e in simple sutures in the free margin ; IF. tying 
tile second row of sutuies. , , abdominal wall; the arrows show the 

dirJcUonT/'thr iSsJ^resismnce of the tissue surrounding the widened hole; II.-P, 
purse-string suture ; .1/, mattress suture. 


In the case in which tlierc is a more or less linear defect, i.e., a simple 
slit or a relatively narrow gap whose length is much greater than its 
breadth and whose margins meet at more or less acute angles, the de- 
fect can be closed in the easiest way by drawing its margins together 
perpendicularly to the longitudinal axis of the defect. In this manner 
the margins meet in a more or less straight line. It is still better if 
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in cases in which the round deteet is very small and in i h ' h • 
roundings are tough, which is generally the case in epigastvL heraiaT 
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There are defects which are neither linear nor round, but elliptic 
(Fig. 4), egg-shaped or leaflike (Fig. 5). They maj' be markedly 
rounded on both ends or relatively long with one rounded and one 
tapering end. These can be transformed easily into linear ones by 
making a half purse-string suture on the rounded end or ends (Figs. 
4 and 5). Another method to transform rounded, elliptic, egg-shaped, 
or leaflike defects into linear ones is to exercise the round end or ends. 
If they are quite small, the margins may be entirely excised so as to 
permit the lines of incision to meet at acute angles, or a straight inci- 
sion may be made through them dissecting somewhat the edges of this 
incision. The latter is advisable in epigastric hernias. In other eases 
the half purse-string sutures are to be preferred, because they can be 
done much faster and easier and because tissues which are valuable as 
plastic material can be saved in this way and also because the closure 
is generally stronger. 

Although the chief purpose of mobilization of the margins of the 
defect is to bring them into contact, it must often go much farther 
than this. It must provide that the tissues used for covering the defect 
should be resistant enough and have vitality enough to produce, when 
brought into contact, a strong and reliable union of the tissues in the 
desirable situation. 

Now sear tissue cannot be depended upon to do this and therefore 
must often be thoroughly excised. Atrophic muscles or thin and soft 
fascial structures are also not suitable for the reliable closure of the 
hernial defects. Under these circumstances it is frequently necessary 
to extend the dissection far from the defect to insure the broad contact 
of reliable tissues. 

This is generally possible and in the great majority of cases even 
easy. Occasionally, however, there are great difficulties, especially in 
cases in which previous operations have destroyed extensively the tis- 
sues surrounding the defect and it is of greater significance when 
suppurations and necroses follow them. In such cases flaps out of the 
neighborhood or freely transplanted fascial or aponeurotic grafts must 
be used for the covering of the defect, or at least for supporting the 
layers covering it. 

IV. WE.Uv ARE.VS AND AIETHODS OF ELIMINATING THEAI 

There are three kinds of weak areas which threaten the permanency 
of cure after an operation for hernia: (1) weak areas which always 
must be left behind in certain kinds of hernias to give room for im- 
portant anatomical structures, such as the spermatic cord, the femoral 
vein and artery; (2) defects which are strictly individual, for instance 
congenital or acquired defects of the external oblique aponeurosis in 
certain inguinal hernias or conditions, which, although frequent, show 
great individual variations a.s, for iimtance, the weakness or atrophv 
of tlie lowest portion of the internal oblique and transverse muscles in 
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inguinal Jiei'iiias;'’ (8) the sutiu'c lines and the suture perforation 
canals. 

During the course of licaling, there i.s always the possibility that one 
or more of liie stitches may become untied or torn or at least somewhat 
loosened and, owing to a sudden increase in the intra-abdominal pres- 
sure, the whole suture line or part of it may separate. Not only during 
the liealing but even after the formation of the sear, the suture line 
always presents a weak area, particularly when the edges of the struc- 
tures are linear, which means that their surfaces of contact are quite 
narrow. Scars are rigid because they do not contain elastic fibers but 
only connective tissue; they may withstand pressure, but if they are 
once stretched by it, as emphasized long ago by Girard, they cannot 
return to their forjuer size. If this pressure is often repeated, as 
always occurs in the abdomen because of conghing, sneezing, pressing 
at defecation, urinating, etc., the sear %vitl be permanently dilated, and 
with the lapse of time it will become more dilated. It will always 
become broader and thinner, especially if there is only one scar con- 
necting peritoneum and skin, as occurred, for instance, if all the layers 
of the abdomen from the peritoneum to the skin were united by 



g the suture cuts throusli. /, Suture freshlj' put in ; //, after cutting 

’ througli (cross section) ; ///, the defects caused by tliis from above. 


throiwh-and-through stitches as was ofteji done a few decades ago, 
especially after laparotomies in the midline. It may also result when 
the sears uniting the suture lines of the different layers of the abdom- 
inal wall cover each other geometrically; i.e., lie in the same plane; 
or else when there is a suppuration wliieli makes the open treatment of 
the abdominal wound going from the skin to the peritoneum necessary. 

In all these eases one must reckon with the gradual distention, weak- 
and enlargement of the scar which results in hernia or, if the 
nncAtion is done for hernia, in the recurrence of the hernia. 

V V nnlv the suture line itself but also every stitch may cause hernia 
■ eurrence of the hernia if they connect the preperitoneal and 
or the re occurs for example in the Mayo operation for 

subcutaneous sutures go through both layers of the 

umbilical le ^ tlefect. Every sthch causes, as already men- 

aponeiirosis coven » through and produces, in this way, 

tioned, an aseptic 
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defects (Fig. 6), whicli may be filled more or less -vvitb sear tissue, 
which is likely to distend. Moreover, sometimes even before the sear 
has formed, some properitoneal fat may protrude into the hole which 
will gradually widen later. 

How are these weak spots to be eliminated? (1) By multiplication 
of the layers, (2) by covering the weak spots with fully reliable re- 
sistant tissue, and (3) by carefully avoiding weak areas to be situated 
so that one lies directly over the other. 

If, for instance, the spermatic cord is directed by the shortest route 
through the abdominal wall, it rvould pass through all layers at the 
same vertical plane and this would predispose to recurrence; but, if 
it is directed through each layer in a different vertical plane, this cause 
of recurrence is eliminated. Therefore we must separate the rveak 
places and put them as far from each other as possible. This rule must 
be strictly followed when arranging the suture lines. One must try to 
put them in a way that no suture line should lie directly below or above 
the other, that every suture line should be covered with a completely 
intact layer of tissue, and, if possible also, that the suture lines of the 
different layers should lie in different directions. 

Such a situation of the suture lines diminishes very considerably the 
dangers presented by the intra-abdominal pressure and especially its 
sudden increase. It safeguards the suture lines and the scars resulting 
from them (1) by diminishing the strain to which they are exposed; 
.each suture line protects the other if they are situated as described 
before. (2) Should some separation of a suture line or some enlarge- 
ment or weakening of a scar occur, the covering or underlying resistant 
layer of tissue hinders the development of broader gaps and hinders 
certainly the protrusion of the underlying structures and in this way 
eliminates the possibility of recurrence. 

V. ADDITIONAL REMARKS 

1. No operation starts and ends in the operating room; the prepara- 
tion and after treatment are of equal importance. After the operation 
for hernia, the patient should be carefully guarded against any greater 
increase of abdominal pressure. This is very important for the in- 
tegrity of the sutures; therefore, one must take care that bronehitis, 
pneumonia, vomiting, and difficulties in defecation and urination are 
avoided. 

2. The material used for suture must be resistant enough to keep the 
sutured parts in place at Ica.st for one or two weeks. 

3. The diffieulties of the hernia operation are very different in differ- 
ent cases. Tliere may be diffieulties either iu eliminating ten.sion or 
in pi’oviding useful tissues for the reliable covering of the defect or in 
both. «(nne difficulties may lie overcome liy favorable anatomical eon- 
duions, in such a way that often very large hernial defects can he 
closed with astonishing facility; whereas, in other cases these diffi- 
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culties only allow a rather unsatisfactox-y closure of relatively small 
defects. 

One iinist never for-et that every operation for hernia is a plastic 
opex'ation and that like other plastic operations the individual peciiliai- 
ities of the case niiist always be duly regarded. This Is true also for 
the so-called typical cases but chiefly for reeiUTcnt eases and incisional 
hernias where the normal anatomical conditions are greatly disturbed 
and often also noimial tissues I’eplaced by masses of seai’. The more 
prominent these anatomical clumgcs, the greater is the clMculty oi 
following the rules made for typical cases and the greater the necessity 
for individualizing. 

In the follondiig paragraphs the methods which I have used and 
which have been used by my assisfaiifs, most of them for more than 
thirty yeai’s, are desem'bed. They xvere published in Hungarian, some 
of them also in German, but they are uidcnown in Amei-ica. 



Pig, 7. Epigastric hei'nia. /, The hole of the linea alba halved by the incision; 

//, mattress stitches ; ///. second row, simple stitches. 


VI. EPIGASTKIC HEKXvIA 

Epigastric hernias are generally very small, mostly not larger than 
a pea or a hazelnut, and the linea alba through which they protrude is 
o-enerally very rigid ; therefore the defect cannot be closed by simple 
suturing and even less by the duplication of its margins. Besides, the 
defect is so small that only one single suture could be used and this 
only at the diameter of the defect which is in the direction of the 
greatest strain. Therefore it is not secure even if made in the manner 
of the Lembert sutures as advised by Witzel (Pig. 1). 

It is better to transfoi-m the small round defect into a long linear 
hV makin" an ineision 4 to 5 cm. in length in the linea alba, which 
r f ^ i-nl flefpct After retracting the margins of this incision, three 
nheed as shown in Pig. 2. It is preferable to use a suture 
sutures P‘ ’ jjgg. one needle is inserted through one side of 
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what larger bites of tissue may be inciudecl in one stitch if the defect 
is larger and correspondingly less in smaller ones. The beginning of 
the tliread is left long and the end one is brought out at the surface 
about 2 cm. from the former. The ends of the thread are pulled taut 
and tied. It is .surprising how large openings can be closed with a 
single purse-string suture (Fig, 8-1). 

Ihis t^urse-string suture must be covered, preferablj’’ by two or three 
mattress sutures, which are placed through the aponeurosis so as to 
bring tlie soft parts together over it at light angles to the long axis of 
tiic body (Pig. S-H), as advised also by Rotter (Pig. S-IH, IV). Closure 
by approximation of the rectus muscle and its aponeurosis after incis- 
ing the rectus sheath as advised by Ufaydl is suirei'fluous. I did this 
in my earlier cases and advised first the purse-string suture as a trick 
facilitating iifaydl’s operation,- but I discontinued this many years ago 
and do it only in very exceptional eases. We have obtained %"ery good re- 
sults Avith the closure of the defect by purse-string suture and by 
covering these Avith simple horizontal folds of the aponeurosis fixed by 
a foAv mattre.ss sutures.^ 


VIII. IXCISIOX.AU HEKXIAS 

In incisional iieniias one must try not only to re-establish the normal 
anatomical structure of tJie abdominal aauII but also to reinforce it as 
much as possible. The reinforcement of the linea alba can generally 
be aeeomplislied in quite a typical Ai-ay; AA'hereas, other cases require a 
great A'ariety of techniques, depending upon the site and size of the 
hernia, tlie Idnd of incision aa'IiicJi Avas made at the former operation, the 
aiuouut of sear tissue and the plastic material, etc. The difficulties can- 
not be realized until the anatomical situation is apparent, and this can- 
not be determined before tlie liernial sac, Avliieh often overlaps the mar- 
gins of tlie defect and may protrude for a considerable distance betAveen 
skin and aponeurosis, is clearly dissected and excised. The size and form 
of the defect become apparent only after the replacement of the abdomi- 
nal contents and the closure of the hernial sae. One can then decide 
upon the best method of closure. 

Median Ilevnias.—li there is a longitudinal defect Avhieh is relatiAmly 
luU'roAV and tapering at both ends and if the margins are readily mobile 
or can be made so by undermining, the best method consists of draAving 
"ed«'e of the defect beloAV tlie other Avith mattress sutures and stitching 
tlm mar^'in of the overlying side to the aponeiuvsis which is below. One 
r lise'’ sutures with needles at both ends and place the suture as pre- 
”mLlv described and as shoAvn in Pig. 7. The two needles are passed 
\ *1 tissue at a distance 1 to 1.5 cm. apart. The space between 

throug 1 j 5 2 cm. It is advisable to put in 

the tAA'o si Yhe tension, Avhieh is generally great- 

all the sutures .limhiished remarkably. After all the mattress su- 

e,, in the "'>»■ " fXTu>« '<»■ ^ '» •* 

tuves are tied an oA’erlying side is sutured to the underlying 
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form it into a reduce the length of the 

{Kgs. d and 5). This will a so ^ (simple or mat- 

gap which can now bo impossible to prodnce a broad 

tress sntnres). However, rt s „ „s„ally advisable to cover this 

afStfteWf p” -Uring sntnres by splitting the rectns 




Fig. 9.- 



. - 1 u+ r,i(\Qp to***Gtlior bv tbe foriu6r suture, <is 

sheaths, winch were ‘"n^ 

near the , 55 , „s muscles arc then approximated 

rupted lu.i . ■ • . (Fi<r. 9). This is not veiy difii- 

aud theiv anterior sheaths lUe suiuieu i, o ^ i 

cult, especially in multiparous women, and is even easier below the 
ibilieus. in men, defects below the umbilieus can be repaired 

iu most cases relatively easily, but in the epigash’ic region this olteii 
cannot be done as reliably as desired. It is particularly important to 
approximate the edges of the anterior rectus sheaths because most of 
these patients are heavy smokers and frequently ha\e bronchitic com- 
plications and consequent coughing with resultant tension on the su- 
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ta<!Kinion„',,s, (Iocs not ^ 1 ',“ T'f' "f "•» anatomical conditions in 

AWlltcIcss, coclain nscf.;;;r’:c“u.S:?‘T 1 •> Waal .cS“ “ 

tissue wliifJi jiuiv Im i- i . observed • ( 1 ) Cn,-, 

aaiafnll,- all non .,” i , “™’"S «■« defect 

ally mobilises Sc s Sr, <"« defect Tl isr 

I T ■'"t/ii saiistaefordv Tf if a iiug geney. 

bo done very carefully, splrinrr .!, J “mobilization 

b od vessels as thoroughly as possible 

^'iblc the normal anatomical conditions ir as far as pos- 

especially the aponeurosis of the oZVXfv" “PoneuroL, 

often conspicuously distended. mvhich is very 

“ear its lateral hordor; the mobilizaSrif 

111. my cases to close the defects or at least to m mn 

(o) If the hernia developed in a dLiict of f 

that the hernial defect involves the rLlt mtself, so 

or closure or at least the reduction of flT its doubling 

transformation of its form, by puree-strino nvTif 

may considerably reduce the difficulties of the ’f ^ sutures, 

which the nerves of the reetiis muscle m- , In cases in 

portion, have heen'sovered, which occurs in m- its median 

a longitudinal incision has been made thm, ^ "*ieh 

eral to it, the paralysis of tkoZJZlnTZ Z 

must be assumed; this condition is lihelv tn mts medial part 

anterior sheath is not reliably reeonstruefed ^^ 1 “°^! m-ecurreuce if the 

the careful union and, if possible dunV f in such cases 

even, fe.ciaL, a “'“'W ccc,„s 

IX. INGUINAL HERNIA 

The general principles of the radical closm-p i • , , 
abdominal wall discussed in the Brst foiii- m ^ bermal defects of the 
in the most ideal manner in tL ovenZor"''"^'-" 
hernias, but there are certainly exceptions - namelZZ^'^^^ mguinal 
nias and some direct hernias. ’ “"‘^mirrent lier- 

Eeeurrent hernias present difficulties chiefly in natient^ ,v?,. 1 ■ 

operated upon several times or who have had previous s„n 
a result of these factors, very valuable plastic material ZsZt”' For 
example, the aponeurosis of the external obliquiis muscle may become de 
fective or shrunken and the muscles surrounding the inguinal eaimi Zt 
be replaced by hard callous sear tissue. In such extreme eases free ^raft 
ing of fascia or flaps from the neighborhoocF may be necessary but in 
most cases one may ensure quite reliable covering by ample mobilization 
of the rectus muscle. The failing aponeurosis of the external ohliquus 

*In one of my rlpfect was covered by a flan . 

and sartorius.® 


uULiquUS 

cases the defect was covered by a flap consistins of skin, fascia lata 
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muscle may be replaced sometimes by a broad continuous layer of re- 
sistant scar tissue. This is a very incomplete substitution, but better 
than nothing and although not as valuable is simpler than the graft 
of fascia lata. 

The reliable closure of the hernial defect may be difficult in cases of 
direct hernias when the internal oblique and transversus muscles are 
poorly developed. This occurs frequently, especially in people whose 
entire abdominal musculature is very weak. Not infrequently it oc- 
curs in people with good musculature. Defects of the aponeurosis of 
the external oblique muscle may also hinder the usual closure of the 
hernial defect ; and, if both conditions are present, they may make the 
reliable covering of the hernia doubtful. But this happens extremely 
seldom indeed and in most cases the aponeurosis of the external ob- 
liquus muscle is so well developed (in large hernias) that it may be 
largely substituted for the weakened lowest part of the internal oblique 
and transversal muscles. There is perhaps no other operation in the 
whole surgical literature which has been as often modified as the 
widely adopted method of Bassini for inguinal hernia. I too committed 
this sin thirty-six years ago,^ but I never had cause to repent it. The 
method I advised is a combination of the modifications described by 
Halsted, Berger, and Girard and completed by a few small tricks of my 
own. It gives excellent results. Many thousands of inguinal hernias 
were operated upon by this method with practically no recurrences. 
The very few eases of recurrences which were observed occurred only 
in eases in which there \vas suppuration or in ^\-hieh the operation was 
done for a recurrent hernia. 

A broad fiaj) of the aponeurosis of the external obliquus muscle must 
be prepared with its incision at the upper angle of the subcutaneous 
opening of the inguinal canal. The incision should be made parallel 
with the fibers of the aponeurosis and end about 3 to 4 cm. lateral to 
the abdominal opening. After dissecting the flap, this is drawn doivn- 
wards and the hernial sac treated adequately. After its replacement 
the spermatic chord is exposed and if too voluminous some of its veins 
and the cremaster are resected. 


The next step consists of incision of the rectus sheath (Pig. 10-7) 
which may be unnecessary in eases in which the lower part of the internal 
oblique and traiisversalis muscles are very well developed. This occurs 


frequently in congenital hernias of children or yonng men with strong 
musculature but very seldom in other cases. In those with poorlv de- 
veloped musculature the rectus sheath must lie opened to such an extent 
that the upper end of the incision should reach the site of the well- 
developed part of the internal oblique and transvei-se muscles or sli"htlv 
heyond it. The length of the incision .should be about 5 to 6 cm. in the 
adult. The rectus muscle and the external margin of tlie incised rectus 
sheath as well as the internal oblique and transverse muscles are sutured 
to Poupart’s ligament (Pig. 10-5, .?). Care should be exercised that the 
suture should include the well-developed part of the latter muscles. 
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tui-es. I'lierefore, in sucli cases a larg’e flap from tlie fascia lata cover- 
ing the rectus muscles and bridging the gap of the rectus sheath is 
often advisable. 

Lateial Hernias . — The great variety of the anatomical conditions in 
laleial hernias does not allow the description of a typical technique. 
Neverthele.ss, certain useful general rules may he observed: (1) Conserve 
any tissue whicli may be useful for covering the defect. (2) Expose 
carefully all normal structures which surround the defect. This gener- 
ally mobilizes them satisfactorily. If it does not, further mobilization 
must be done very carefulh', sparing aponeuroses, muscles, nerves, and 
blood vessels as thoroughly as possible. (3) Eeeonstruct as far as pos- 
sible the normal anatomical conditions, doubling at least the aponeuroses, 
especially the apo 2 ieuz’osis of the extezmal obliquus muscle, which is veiy 
often conspicuously distended. (I) Hake the incision of the rectus sheath 
near its lateral border; the mobilization of the rectus muscle helps in 
many cases to close the defects or at least to multiply the covering layers. 
(5) If the hernia developed in a defect of the rectus muscle itself, so 
that the hernial defect involves the posterior rectus sheath, its doubling 
or closure or at least the reduction of the size of the defect and the 
transfonuation of its form, by pui-se-string or half purse-string sutures, 
may considerably reduce the difficulties of the closure. (6) In cases in 
which the nerves of the rectus muscle, or at least those of its median 
portion, have been'severed, which occurs in practically all cases in which 
a longitudinal incision has been made through the rectus muscle or lat- 
eral to it, the paralysis of the rectus muscle or at least of its medial part 
must be assumed; this condition is likely to promote recurrence if the 
anterior sheath is not reliably reconstructed. Therefore, in such cases 
the careful union and, if possible, duplication of the anterior rectus 
.slieath or even a fascia lata graft are advisable. 

IX. INGUINAL HERNLI 


The "eneral principles of the radical closure of hernial defects of the 
abdominal wall discussed in the first four paragraphs can be realized 
in the most ideal manner in the overwhelming majority of inguinal 
hernias, but there are certainly exceptions; namely, some recurrent her- 
nias and some direct hernias. 

Eecurrent hernias present difficulties chiefly in patients who have been 
•ated upon several times or who have had previous suppuration. As 
It of these factors, very valuable plastic material gets lost. For 
^ ^'^^'^^1 the aponeurosis of the external obliquus muscle may become de- 
SetTve or shrunken and the muscles surrounding the inguinal canal may 
n hv hard callous sear tissue. In such extreme eases free graft- 
be replace ^ y ^ from the neighborhood'' may be necessary, but in 
ing of fascia o ‘ .g quite reliable covering by ample mobilization 
most cases one may failin" aponeurosis of the external obliquus 

of the rectus muscle. I he 

or covered by a aap consisting- of skin, fascia lata, 

"T^Tone of nw cases me defect .as c 

and sartorius.* 
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stitches about at the junction of the medial and middle third of 
Poupart’s ligament (Fig. 10-5). 

By this method the inguinal defect (the weak area between Pou- 
part’s ligament, lateral side of the rectus, and lower border of the well- 
developed parts of the internal oblique and transverse muscles) is cov- 
ered by three reliable layers (one muscular and two aponeurotic) and 
the weak areas resulting from the passage of the cord are eliminated. 
The internal abdominal ring is reliably covered with the above-men- 
tioned three layers ; the cord itself passes outward at least 2 to 3 cm. 




Fig ii._B'emoral hernia. 1, Mattress stitch put in through poupart’s and Gim- 
bernat s ligaments and periosteum of the pecten puhis Uisamentum Coopen) ,1/, mat 
tress stitch knotted; HI, Poupart's ligament sutured to the fascia of the pectmeus 
muscle. , I f 


in a narrow luusculoaponeurotic canal and, when it reaches the ex- 
ternal surface of the lower aponeurotic flap, it is kinked in an acute 
angle and lies then in a narrow aponeurotic canal and comes out of it 
through a small transversal opening, between two stitches. Behind it 
lies a strong aponeurosis. 

If the rectus sheath is not opened or even if that is done, the inguinal 
canal may be closed also (of course, only after the suture of the muscles 
to Poupart’s ligament is completed) by attaching the upper margin of 
the incised aponeurosis of the exteimal oblique to Poupart’s ligament, 
displacing the spermatic cord as far as possible laterally, and, after 
kinking it iu an acute angle (Fig. 10-5), covering it with the lower flap 
of the aponeurosis (Fig. 10-F). 

This also gives excellent results because it covers the muscles and the 
suture uniting the muscles with Poupart's ligament reliably and ensures 
the angulation of the spermatic cord in a perfect manner. Jloreovcr the 
niost medial part of the suture, where recurreuees most freciuently occur, 
is Well protected. 
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U-acicI spermatic chord must be re- 

t . ctc l as iar Jatorally as possible and fixed in this position by the 


Ihe juost medial suture should include the whole thickness of 
loupait lig«inent and the lateral crus of the subcutaneous inguinal 
opening. Ihus for this suture whose knot lies in the deepest layer of 
the subcutaneous fat I generally use nonabsorbable material (silk) • 




Fig. 10. — Inguinal hernia. 1. The inguinal defect;' lower flap of the aponeurosis of 
the e.Kternal oblique put downward, incision of rectus sheath; i, deep sutures put in; 
J, tied; -i, lower aponeurosis flap sutured (mark angulation of the cord); 5, upper 
aponeurosis flap pulled down and sutured ; 0, upper aponeurosis flap sewed to Poupart's 
ligament (mark angulation of the chord) ; 7, lower aponeurosis flap sutured to 
aponeurosis. 

wliereas, for all the other internal sutures and ligatures, I use catgut. 
This most medial stitch is exposed to the greatest stress, therefore it is 
best to tie it last. 

The margin of the lower flap of the external oblique aponeurosis is 
sutured first to the medial margin of the incised rectus sheath (Fig. 
10-4). The rest of this aponeurosis flap is sewed as far as possible to 
the internal oblique muscle. The transplantation of the spermatic 
eord outward is continued (Fig. 10-4). When the last suture which 
lies close to the spermatic cord is tied, the eord is placed on the ex- 
ternal surface of the lower flap of the aponeurosis and the upper mar- 
o-' of the incision of the aponeurosis of the external oblique is sewed 
to^Poupart’s ligament. The spermatic eord is led out between two 


OSTEOMYELITIS OF THE JAWS*" 

An Analysis of Fifty-Nine P atients 
Eakl 0. Padgett, M.D., Kansas City, Mo. 

(From the Surgical Department of the University of Kansas School of Medicine and 
the Kansas City Western Dental College) 

'X'HE influence of the teeth and tooth buds on the course of infection 
1 of the jaw bones in contrast with the other bones of the body lends 
a unique interest to osteomyelitis of the jaws. The danger of initia nio 
a severe infection of the jaws, when he uses bad judgment in le^ai 
the optimum time to inflict operative trauma, is a threat wiici o en 
hangs over the head of the exodontist. In this papei I wish to iscuss 
generally what one might term “frank” osteomyelitis from t e stair ^ 
point of my own material during the past ten years. In the group are 
fifty-nine patients. The cases of osteomyelitis following fracture ave 
been excluded from the group. As a matter of fact, in both t ^ e acu e 
and chronic alveolar abscess an osteomyelitis is present, but it is^ no 
common practice to use the term osteomyelitis in describing these esions. 

In the group are two unique examples of a type of slowly progressive 
osteomyelitis of the upper jaw which extended to the skull, pro uciUa 
death eventually because of a meningitis. I wish to suggest t ia,t t ese 
two patients are possibly examples of a more or less unique clinical en- 
tity on which little stress has been placed previously. 

The maxim to be drawn from a study of the pyogenic group as a whole 
is that, as a rule, treatment during the acute stage should be conservative, 
but on the contrary, after sequestration has been effected, fairly thorough 
and somewhat radical treatment is the most effective. 

incidence 

Frank osteomyelitis of the jaw bones is not very common. Leibold 
considers it eighth in frequency. The femur, tibia, humerus, ladius, 
ulna, vertebrae, and os caleis precede the mandible in the order named. 
Wilensky in the lilt. Sinai series (1924-1930) found 450 patients with 
acute and chronic osteomyelitis of all kinds. The upper and lower jaws 
were involved in 39 instances. 

In my series of 59 patients, 22 were below the age of 16 years and 
37 were older ; 21 eases occurred in the female and 38 in the male sex. 
The mandible alone was affected 38 times and the maxilla alone 16 
times and in 3 patients both the mandible and the maxilla were in- 
volved. One of these was an osteomjmlitis due to excessive irradiation 
and the other two were of the pyogenic type. In 2 other patients with 
a slowly progressive osteomyelitis of the maxilla the inflammatory 

•Road before the 'Western Surgical Association December 16, 1939, Los Angeles, 
Calif. 

Received for publication. February 23. 1940. 
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possibly the dentists at the present time do not so often extract a tooth 
during the acute stage. In Blair’s 39 cases, published in 1923 and 1926, 
wherein he emphasized particularly the dangers of extracting the ulcer- 
ated tooth during an acute stage, 31 were associated with extraction of 
a tooth during the acute stage. The number of cases (9) due to syphilis 
in our series is rather high. Most of these individuals were referred 
to me because a reconstruction operation would he necessary eventu- 
ally. Osteomyelitis due to excessive irradiation in the older series of 
published cases is not listed. Hoivever, today it is not uncommon to 
have an extensive osteomyelitis due to a secondarily infected bone irri- 
tated by excessive irradiation. Although no cases of slight adjacent 
necrosis purely due to the loeal effect of the implantation of radium 
were included, in the series were found 6 cases with necrosis of the 
complete thickness of the mandible after excessive irradiation. 

ORGANISMS 

RosenoAV, Gilmer, and Moody and Haden present evidence to show that 
the common organism associated with a peridental infection is the Strep- 
tococcus hemolyticus. Less commonly the staphylococcus or a mixed 
infection causes the infection. When osteomyelitis of the jaws is caused 
by a blood-borne organism, the offender is usually the Staphylococcus 
axireus. A blood-borne infection, however, occurs only rarely. When 
trauma or disease is the cause of a secondary infection of the jaw bone, 
a mixed group of organisms of the variety commonly found in the 
mouth usually is present. 

PATHOLOGY 

The pathology of an osteomyelitis of the lower jaw is influenced espe- 
cially by two factors; (1) the presence of dental elements in the bone 
and (2) a uniciue blood supply. The pathology of the upper jaw may 
be influenced particularly by four factors : (1) the presence of the dental 
elements, (2) a unique blood supply, (3) the fact that the bone is of 
membranous origin, and (4) the presence of the maxillary sinus. 

Besides the preceding special factors, an osteomyelitis of the jaws 
shows the same pathologic changes as any other fibroblastic tissue con- 
taining a deposition of lime salts in the ground substance. Briefly, as the 
products of inflammation accumulate under tension, the vessels within 
the bony spaces become thrombosed. The bony trabeculae tend to be 
absorbed and the products of inflammation following the path of least 
resistance seek an outlet through the bony cortex. After the cortex is 
IJerforated, some elevation of the periosteum occurs before it, in turn 
is perforated. The cellular reaction encountered as a sequestration takes 
l)laco and involuerum is formed in the jaw hones is, on the whole, the 
same as that which occurs in other bones and needs little comment here 
save to emphasize that a line of demarcation is formed between the live 
and dead bone which is usually complete in from two to three months 
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process also eventually involved the base of the skull and the frontal 
bones, although originally the process started in the maxilla. 

The etiology is interesting. The disease in over one-third of the 
patients (25) ivas a.ssociated with a peridental infection. In 11 pa- 
tients the disease was associated with an extraction during the acute 
stage of a pulpitis or a peridental infection (Fig. 14); 12 developed 
from an infection of the pulp cavity unassociated with extraction and in 
2 patients too much mercury was the basis of the necrosis. 



A. s. 

Fig. 1. — A, Tills boy iiad a toothache August, 1932. Tlie jaw became tender and he 
liad some fever. Tlie tootli was removed. He became very iii. A good many of tiie 
lower teetli became loose and dropped out. When I saw him Nov. S. 1933. ids jaw 
was underdeveloped. Most of tlie teeth and the tootli buds were absent. Here and 
there was some dead bone all through the mandible. The mandible was e.vplored; ail 
infected tooth buds were removed : all granulating sinuses were laid open ; and ail 
overhanging bone was removed. After this operation tiie boy was cured, but the lower 
jaw has not developed as much as it siiould. 

S, Roentgenogram of boy aged 16 years. He liad a blister on his foot and two 
days later developed an osteomyelitis of the lower Jaw. He was seen by me three 
niontlis later. At that time he had lost all of his teeth and tooth buds and the 
alveolar ridges of the lower Jaw. There had been considerable new bone formation and 
.after a moderate sequestrectomy the jaw healed. Some months later the gingivolabial 
sulcus was deepened and a denture fitted. 


In 5 patients trauma to tlie jaw in the region of the tootli initiated the 
infection. In 4 the bone became infected after an operative extraction. 
In 2 of these individuals, although the tooth or root was removed, it was 
found that the dentist had fractured the jaw in removal. In 1 of these 
patients the jaw was very atrophic. In 1 patient a corrosive fluid had 


been injected. _ , , , , 

In “^9 patients the origin of the lesion seemed to be other than a peri- 
dental infection or trauma. Of these, 4 were of the blood-borne type 
IF'w IS) - 19 were due to syphilis; 6, to excessive irradiations; 1, to 
1 to trauma of the cheek; 3, to leueemia; and 3 possibly origi- 
’Tpd from an infection of the maxillary sinus. 

compares the etiology of these eases ivith certain other pub- 
it one o^-amnle those of Blair, one gains the impression that 

lished groups, for examp 
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will cause trismus and swallowing Avill be impeded when the tissues 
of the floor of the mouth or pharynx are invaded. In osteomyelitis of 
the upper jaw the inflammatory products may extend into the tissues 
of the anterior cheek, nose, or palate. "When the tissues of the hard 
palate are undermined, there may be no particular redness because of 
the compact structure of the soft tissues in this region. 

When drainage is provided either spontaneously or by incision, the 
pain, SAvelling, and constitutional reaction largely subside, but sinuses 
Avith pouting projections of granulation tissue persist as long as dead 
bone or dead tooth structure remains in situ. A feiv cases of osteomyelitis 
of jaAV bone result in sIoav bone absoi-ption Avithout actual gross death 
of bone, but as a rule a definite sequestrum is formed, Avhich takes 
about two or three months to become separated from the live bone. 

Often age influences the course of osteomyelitis of the jaAV consider- 
ably. In nurslings the characteristic invading organism is one of great 
Adrulency and as a rule a septicemia either precedes, accompanies, or 
folloAvs the infection. In children often the damage to the tooth buds 
Avhich necessitates their removal may seriously interfere Avith the sub- 
sequent groAvth of the jaiv bone even if the amount of sequestration 
does not cause serious deformities. 

In the bone necrosis seen accompanying a primary blood disease, the 
soft tissues about the necrotic bone usually shoAv only a slight reaction. 
The constitutional symptoms tend to be more severe than the local 
condition Avould lead one to suspect. The general appearance of an 
adult, rather pale and yelloAV, and the fact that no other obvious etiology 
seems to be present suggests to one immediately that a blood smear is 
advisable. 

The outstanding feature of an irradiation necrosis is the chronicity 
of the course, the continued pain, the sloAvness of sequestration, lack of 
tendency for either the bone or the surrounding soft tissue to shoAv any 
of the ordinary tendencies of normal tissue tOAvard healing, and finally 
lack of resistance to secondary infection. 

AVhen a child is seen Avith evidence of a bone infection in the region 
of the epiphyseal cartilage of the condyle, rather often it is difficult 
to be certain Avhether or not one is dealing Avith a purulent arthritis of 
the temporomandibular joint or a true blood-borne osteomyelitis of the 
type more commonly seen in the other long bones. The region in front 
of the ear is swollen and tender and in either ease great difficulty is 
experienced in moving the loAver jaiv. The joint cannot be aspirated 
Avell. The only possible distinguishing signs are that the SAvelling and 
point of maximum tenderness should be loAver in an osteomyelitis and 
less difficulty should be experienced in moAung the loAver jaAv. 

LOCATIOX AND SIZE OF SEQUIISTRUM 

Classification as to the location and the size of the sequestration is 
of some interest. This in our series was as follows : In the body of the 
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involvement of the maxillary bone, a small ulceration developed in the 
soft tissues anterior to the maxilla. Sloughing of the soft tissues and 
necrosis of the hone continued slowly. Both small and large sequestra 
formed. First, the front of the face and the nose sloughed away. 
Finally the invasion extended to the frontal bone and the base of the 
skull. In both patients the course of the disease was known to have 
been in the neighborhood of eighteen months before death from a 
meningitis. 

One of the patients (Fig. 2) had a history of receiving some “shots” 
several years previously. The Wassermann test of each was negative. 
Each received intensive antisyphilitie treatment. Each had a history 
of antral insult, one a kick by a horse (Figs. 3 and 4) and one an antral 
operation. Cultures, both aerobic and anaerobic, were run on both. 



A. B. 

Fig. 2. — Case of progressive osteomyelitis of the maxilla which started after trau- 
matic injuo' to the antrum successively involving the frontal bones and base of skull 
death Anally resulting from a meningitis. A, Photograph taken Jan. 13, 1939 * R 
photograph taken Aug. 18, 1939, just before his death. (Case of Dennie.) ' * 

Biopsy specimens were taken on both and finally autopsy was per- 
formed. Each had tests for glanders leishmaniasis (N.N.N. medium 
and tartar emetic). The biopsy reports were consistently granulation 
tissue. It is known, hoMmver, tliat in gangrenous conditions about the 
face and mouth spirochetes are usually present. From one of these 
some spirochetes were seen, but the pathologist (H. E. 'Wahl) was un- 
able to identify them as the Spirocliaeta pallida. They were probably 
secondary invaders. Guinea pig inoculations were made without posi 
tive findings. One patient (Figs. 3 and 4) had been in Jlexico. The 





826 


SURGERY 


mandible alone 6 showed a sniail sequestrum, 13 a sequestrum of me- 
dium size, and 12 a large sequestrum but not involving a whole section 
ot the bone. In 6 others the sequestrum was .so large that the eon- 
tinmty of the bone was discontinued. In 1 the sequestrum was the 
ramus and in 1 the condyle and the neck. In the maxilla alone 2 
showed a small amount of sequestration, 11 a medium amount, and 5 
a large amount. In 3 patients sequestriuu appeared in both mandible 
and niaxilla. In 2, 1 following mercury and 1 following excessive irra- 
diation, the sequestrum was of large amount. Characteristically in the 
necrosis due to mercury the alveolar ridges were lost principally. In 
irradiation necrosis characteristically the whole thickness of the man- 
dible becomes secondarily infected and necrotic. In the syphilitic eases 
the palatal process or the frontal process of the maxilla was involved 
most commonly. In the latter case the bone usually was involved by 
extension from the nasal bones. 


THE ROENTGENOGKAil 

Early some mottling of the bone usually is to be seen in the roent- 
genogram. Usually after six or seven weeks one may get some idea 
of the pi’obabie amount of sequestration, A hazy, moth-eaten, uneven 
outline between the edges of the live bone and the dead bone begins 
to become evident and the sequestrum shows as an irregularly shaped 
piece of bone lying in a cavity surrounded by either uninvolved bone or 
new bone. Later the sequestrum loses some of its density. In those 
cases in which the necrosis is the full thickness of the jaw, the roent- 
genogram aids in judging the extent to ivhich the involuerum or new 
bone has formed. Repeated roentgenograms over a period of six to 
nine months may be necessary before there seems to be sufiSeient new 
bone not to jeopardize tiie contour of the lower face when the sequestrum 
is removed. 


TWO P.ITIENTS WITH UNIQUE PROGRESSIVE OSTEOMYELITIC AND SOFT TISSUE 
DESTRUCTION OF UPPER JAW REGION, BASE OP SKULL, 

AND FRONTAL REGION* 


Of unique interest are the patients with a progressive osteomyelitic 
and soft tissue destructive process of the upper jaw region, frontal 
re-' ion, and the base of the skull. In the literature an exact description 
of 'a similar clinical course has not been found. The clinical courses of 
these two patients were strikingly similar. The patients were both men 
. j^aie life. Previously they had been in good healtli. In each 
the onset seemed to have been associated witli antral infection 
Ind trauma (Figs. 2, 3, and 4). Aceompanying and following the 

■ .. ,v.-re. seen in consultation. The Orst was a patient of Paul 

•These two Pntients were seei ^ patient of Charles Dennle (Fie: 2 ), of 

QtAnhev (Piss. 3 ami. ^ publish them. Tlie comments .are mine. 

S£Bl »2» S'. .1.3" . 



PADGETT: OSTEOMYELITIS OP JAWS 


829 


dome of the skull. Blair has reported a few such cases. It has oc- 
curred to me that these cases may be of a similar nature. Both the 
maxilla and the bones of the dome of the skull are membranous bones. 
They have little or no ability to lay down new bone and there is pos- 
sibly less tendency to limitation of a low grade inflammatory process 
than Avould be the case in nonmembranous bone. 

PROPHYLAXIS 

A question of great importance is whether or not one should extract 
a tooth during the acute stage of peridental infection. Exodontists of 
wide experience state that in most instances earljr extraction of the 
tooth at fault will give drainage and may prevent the onset of a true 
osteomyelitic process. They believe that those few cases that go on to 
show the signs eventually of an osteomyelitic process would have done 
so anyway. On the other hand, surgeons who see the frank cases of 
osteomyelitis have been inclined to point out the dangers of extracting 
a tooth during the acute stage. 

Probably in addition to the factors of virulency of the infection and 
the resistance of the patient the crux of the situation is the amount of 
trauma inflicted in the removal of the tooth. If the tooth can be 
simply and easily lifted out of its socket, it is probable that the opera- 
tion is similar to the one of early trephining in an osteomyelitis of a 
long bone. If the infection does not have clinical signs of great virulency, 
early extraction with little trauma will give relief from pain and 
usually is generally beneficial. On the other hand, if considerable 
trauma is inflicted in the removal of the tooth, it would be somewhat 
similar to doing a radical procedure early in the course of an osteo- 
myelitis of a long bone, a procedure long known to be distinctly 
contraindicated. 

It probably also should be remembered that the analogy in compar- 
ison with osteomyelitis of the long bones in general breaks down some- 
what so far as the organism that most often causes an osteomyelitis of 
the jaws is concerned. An acute peridental infection is usually caused 
by Strepiococcus hemolyticus, while the organism encountered else- 
where is as a rule Staphylococcus aureus. This fact warns one to lean 
to the conservative side when in doubt. 

O’Kell and Elliott ran blood cultures on a series of patients following 
the extraction of teeth for septic mouths and they found that “within 
a few moments after the extraction of teeth from obviously septic 
mouths, a transient streptococcal bacteremia lasting a few minutes may 
be observed in 75 per cent of cases.’’ The observation is of great im- 
portance to the subject in hand. 

From a perusal of the eases that I have seen, I would judge that one 
might use the same type of surgical judgment in regard to this matter 
that should be used in regard to an acute, subacute, or chronic osteo- 
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fore separation was complete for the purpose of relieving pain. In the 
'2 others nothing wits done unless separation of the sequestrum was 
complete. In most instances the sequestrum in the syphilitic eases 
finally separated and was exfoliated spontaneously or was removed by 
forceps without anesthesia. 

SL'JIMAKY 


Although frank osteomyelitis of the jaw bones is not very common,, 
the disease, nevertheless, is of considerable seriousness and often does 
not receive the care most likely to etfeet the best results. In children, 
due to interference with the nonerupted teeth, the resulting deformity 
of gro\vth is likely to be considerable. In both children and adults 
gross loss of a part of the mandible, especially, may produce a deform- 
ity and considerable disability. 

Two patients who suffered n-orn a unique chronic progressive osteo- 
myelitis of the maxilla, base of the skuU. and frontal bones which 
terminated in a fatal meningitis after a period of about eighteen 
mouths are described. It is suggestive that the process seemed to start 
in the maxillary sinus and progressively involved membranous bone. 
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myelitis in bones other tiian the jaws. If the infection does not give 
the clinical signs of great virnleney, if the general health of the patient 
is good and little trauma is necessary to extract the tooth, I should 
judge that early extraction may be beneficial. However, if the clinical 
signs of the infection suggest considerable viriilency, if the patient is 
debilitated and it appears that the extraction would be associated with 
considerable trauma, earl}’’ extraction should not be performed. 


TREATMENT OF THE OSTEOMYELITIS 

After develoiiment of a true osteomyelitis, the patients reported here- 
in have been treated conservatively while the process was acute. As 
soon as definite evidence of localization of the products of inflammation 
occurred, the soft.tissues ivere incised, but operation on the bone was 
considered contraindicated. Whenever internal incision seemed un- 
lilcelj’' to give adequate drainage, drainage by external submandibular 
incision was made. 

During the period between drainage of pus and sequestration,, the 
treatment was symptomatic and supportive. When the time interval 
was sufficient for the sequestration to have separated, an approach was 
made through an incision in an inconspicuous position which allowed 
fairly direct approach. The sinus tract was followed; all dead bone 
was removed. If a sinus tract led to a tooth root or to a tooth bud, 
it was removed. All overhanging edges of the bone were removed. 
Thus, one side of the bone was saueered out so that the soft tissue 
could fall into the defect. For the first week the wound was gently 
packed open with a strip of iodoform gauze which as a rule was changed 
every other day. 

The exception to the above procedure as to time of the sequestrectomj’ 
occurred in two patients with gross sequestration of the whole thick- 
ness of the lower jaw ; in one it was deemed wise to wait six months 
and in a second nine mouths to allow sufficient new bone to form to 
maintain the contour of the lower face. In the majority of eases only 
one operation was found to be necessary to effect a cure if the operation 
in the chronic stage was rather thoroughly and completely performed. 


number of opekatio.ns and prognosis 

111 our series the two patients with the progressive osteomyelitis of 
the unner law, base of the skull, and frontal bone, the patient with 
/the 3 natients with leueemia, and 2 of the patients with irradia- 
iwerosis died without operation. It was judged that either the 
oeiieral condition did not warrant any operative procedure 
thi disease was of a type not amenable to slu■gely^ Thirty-four 
or that , osteomyelitis cases were cured after one opera- 


that thldisease was of a type not amenable to surgery. Thirty-: 

of the pure sequestrectomy. None of them died. In 2 

tion; necrosis one-half of the mandible was resected be- 
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quent changes in position and postural drainage ; vigorous percussion 
over the collapsed lobe; expectorants to thin the retained secretions 
(ammonium chloride or potassium iodide) ; and removal of the secretions 
by intratracheal suction or bronchoscopy. 

It is a common observation that most patients cannot eorigh effec- 
tively after operation because of wound pain. If cough is ijresent, 
it is most frequently of the weak, restrained, unproductive type, 
though it is obvious that tracheobronchial secretions necessitating re- 
moval are present. Morphine has been advised to relieve pain and 
secure more effective coughing, but this drug decreases the sensitivity 
of the cough reflex and depresses respiration in general; therefore, 
it has marked disadvantages. Capelle" has shown that an increase in 
the vital capacity amounting to only 3 to 5 per cent follows the admin- 
istration of morphine. Thus the amount of air which can be utilized in 
sweeping the bronchial tree free of its contained mucus is not appre- 
ciably augmented. 

It may be reasoned that relief of abdominal wound pain loossibly 
may cause restrained coughing. It is, however, unlikely that this 
mechanism could work in this direction, since cough results from 
stimulation of the respiratory mucosa by the presence of foreign ma- 
terial in the air passages. Thus, pain in the wound could logically 
serve only to inhibit the action of the muscles of resinration or more 
specifically the abdominal muscles which are so necessary for forcible 
and effective coughing. 

Because of these facts I have x’easoned that elimination of wound 
pain by means of paravertebral novocain block Avould produce an in- 
creased ijulmonary Amntilation and more effectiAm cough reflex. If 
this method could be used both prophylaetically and therapeutically 
in atelectasis it seemed that this Avould be a particularly promising 
procedure Avith Avhich to combat ijostoperative atelectasis. 

Several preliminary observations Avere carried out at Presbyterian 
Hospital, Ncav York City, in an attempt to measure the relative 
changes in thoracic and abdominal excursion in postoperative eases 
after paravertebral block. These experiments shoAved some augmen- 
tation in the diaphragmatic component. In an attempt to seciire pro- 
longed anesthesia a local anesthesia in oil (neothesol) commonly 
used in anorectal surgery was tr-ied in a fcAv cases Avithout conelvAsive 
results. This Avork is to be continued. 

In the meantime, however, tAvo cases* of atelectasis following ap- 
pendectomy Avere encountered in children. Such remarkable results 
folloAved the induction of pavavevtebval block anesthesia of the 
Around that I Imlieve this method to be of sufficient Amine to report at 
this time. 


C.vsK 1. R. A., male, aged T years. The patient was admitted 
Hospital for Cliildren on .Tan. Tf», 19T0, with a history of diarrhea 


to Doernbecher 
of three days^ 
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PARAVERTEBRAL PROCAINE BLOCK IN THE TREATMENT OP 
POSTOPERATIVE ATELECTASIS 

A Pkeluiinaby Report 


JoiRv A. Gius, ]\LD., Med. Sc.D., Portland, Ore. 

(From the Devartment of Surgery, University of Oregon Medical School) 

V'j^IlHIN recent years the importance of atelectasis as the pre- 
yV dominant early postoperative pulmonary complication and the 
piimaiy condition in the development of postoperative pneumonia has 
been Avidely recognized. In a revicAV of the literature published eke- 
Avhere' the different aspects of the problem, including pathogenesis and 
treatment, have been discussed. 

Many authors (Head,^ Powers,^ Patey,^ Carlson, = Beecher, -= CapelleO 
agree that pulmonary hypoA’eutilation occurs after nearlj^ all abdominal 
operations. This appears to be the result of the incision placed in the 
abdominal Avail AAdiieh directly and reflexly interferes Avith abdominal 
and diaplu’agmatic e.xeursion. That this etfect is particularly marked 
after upper abdominal operations is in agreement Avith the clinical ob- 
servation that incidence of pulmonary complications is greatest after 
operations on the stomach and duodenum, biliary tract, panci’eas, and 
spleen. Most of this impairment of ventilation can be ascribed to Avound 
pain producing voluntary inhibition and reflex spasm of the abdominal 
muscles as Avell as the diaijhragm itself." That the diaphragm following 
operation is high and relatiA’ely immobile has been repeatedly observed. 
The frequency Avith Avhich transient physical signs can be demonstrated 
in the right loAver lobe is another manifestation of this impairment of 
function. Capelle" has shoAvn that continuous anesthesia of the ab- 
dominal AAmund aaIU result in reactiAmtion of the diaphragm as Avell as a 
return of the vital capacity from the usual 20 to 40 per cent immediately 
after operation to 90 per cent of normal. 

In addition to lij^poventilation another significant predisposing factor 


exists, the loss of the ability to cough effectively following operation. 
Secretions Avhieh are normally removed by cough, ciliary action of the 
bronchial epithelium, and peristaltic activity of the bronchioles tend to 
thicken and adhere to the bronchial Avails and thus may be removed in- 
completely or only Avith great difficulty. If the patient is unable or im- 
Avillino' to cough, the mucus may remain and produce lobular or even 
lobar obstruction. Absorption of the air entrapped distally soon occurs 
and atelectasis results. Unless vigorous measures are promptly under- 
ken to remove the obstructing mucus, organisms usually derived from 
the unper respiratory passages invade the collapsed area and produce 
Ihe much more serious complication, pneumonia. 

^ rn, „,«st effective measures for securing evacuation of the plug and 
• nf the collapsed area are; active hyperventilation and 
re-expansion jjy means of carbon dioxide inhalations; frc- 

“^ived for publication. June V. 1910.^^^^ 
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Paravertebral block was done (Dr. V. Larson) with 1 per cent procaine with 
cobefrin solution. Pour cubic centimeters were deposited in each of the following 
spaces: dorsal 10, 11, 12, and lumbar 1 and 2. Immediately following the block 
the patient began to cough etfectively and without pain in the wound. He was 




iOU&Qti 


|OUOO*+ 

I - ^ i-Vc. 


ij. 

,, 2. — Case 1. A, (Jan. 20, 1940) There is a suggestion of an increased density at 

the left base behind the heart. Tliere is deftnite narrowing of the fourth to eighth rih 
interspaces. B, (Jan. 21, 1940) The flint shows a definite density beliind the lieart on 
the left, as well as narrowed rib interspaces. C, D, (Jan. 22. 1940) There is definite 
diminution in the density at the right base. The diaphragm is elevated because of "as 
In tin, stomach. ,V film taken on Jan. 24, 1940. showed the lung fields to be clear. ° 

placed in the lateral position with the foot of the bed elevated, turned frequently 
given carbon dioxide inhalation every hour, and aninioiiiuin chloride 10 "rains everv 
four hours. •’ 

He continued to cougli voluntarily during the remainder of the daj- and small 
amouats of mucus were expectorated. By evening the tenipentture had fallen to 
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‘Juration. On j-„j lo j 

SS; respiration nn of a temnei-it 

wore large urd inWoTV'"’ dSSr ■ ^•' 

-3s and spavin wt -ere ‘^ 0 V f ' ‘- 

oxcept for acetone +4.4. v quadrant^ rr teader- 

Im, + + +- diaeetie +. w..u„ r ’^"uah-sis was 


except for acetone + + .. • . ’'■SUt lower quadrant rr • , tender 

ieucoeytos, 79; small lvranhr+“! eoant 2o00o”“’^r 

minutes, fs in 4 '; ■ • 33; nionocyto.s 4 - sJrT ’ t ’ '^®°^PJ‘uuueiear 

'■icute appendicitis, subsiding in- 



Pijr. 1. 


An infusion of 750 c.c. 5 per cent glucose in sai;„ 
was performed tiirougli a McBurney mascle-solifttl ' appendectomy 

anesthesia. A large, acutely indamed appendix e«wr 

Cultures of the abscess later showed gram nenat;™ j ^ was found, 

a few hemolytic streptococci. A Penrose drain w t 3?. influenzae and 

and the wound rras closed loosely. ^ poritonoum 

Postoperatirely the patient was given parenteral . i . ■ 
day after operation the temperature spihed to 105“ p „„ , 0" ‘J'o drst 

rose to ICO and 44 respectively (Pig, i). jj 

to inhibit cough which seemed dry and unproductive. Atton ® was trying 

were of no avail on account of pain in the wound, ‘P a o get him to cough 

Examination of the chest revealed a slight hag on the left 
breath tones and dullness were noted over both lower lobes nn^t ■°T*^ suppression of 
■The breath tones had a bronchial qualify in the region of the u®ar the spine. 

no demonstrable mediastinal shift. “ ‘®’'® "'a.s 


X-ray of chest showed some increased density of the left hare witl, narrowin. 
of the intercostal spaces, no mediastinal shift. Impression; Atelectasis left lower 
lobe, 
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temperature to 101° F. (Fig. 3), but no abnormal symptoms or signs were noted. 
On the second day the temperature was 103° F.; pulse, 110; and respirations, 20, at 
8:00 A.M. At this time a moist productive eough was observed and the patient com- 
plained of a great deal of wound pain when coughing. Examination of the chest 



A. B. 



ic -• A, B, (Dec. 10. 1939) Posteroanterior and lateral v-rav =5 'TUoi-n 

t increased density in the upper portion of^ the 

posteriorly. Tliere is no apparent change in the level of the rieht^p^f^^r 
Vdpp ^ interspaces, or the position of the niedia^tinnm^^ 


showed decreased expansion on the right, dullness to flatness over tlie right lower 
lobe both pos^nor y and in the axilla, and distant breath sounds over this area 
An vraj (Fig. 1 . 1 ) confirmed the diagnosis of right lower lobe atelectasis and a 
p.iravertebral procaine block was performed by Dr. John Hutton Ptv ' n- 
centimeters oC a 1 per cent novocain solution with cobefrin was injected into each of 
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' '""S fieUls Iiad cleared son.ewhat. However 

lof ba'r No 

iett bate, j^o rales were heard. 

On the following day the temperature was 100.4“ P.; pulse, 120; respirations, 32. 
Coup was vgorous hut not very productive. The chest .signs ivere sonmvlmt less 
luarhed than pieviously, but some suppression of breath tones persisted. These 
cleared on the following day and except for slight drainage from the wound the re- 
niaindor ot the convalcseence was uneventful. 


Case 11.— (No. 37012.) C. D., female, aged 11 year.s, was admitted to Doern- 
beciier Hospital for Oliildren on Dec. 8, 1930, for pain in the lower abdomen of one 
day's duration. The patient had Iiad a cold for a wehk which was apparently 
clearing satisfactorily. On the night before admission she had complained of 
epigastric pains wliich were later referred to the right lower quadrant. There 
had been no nausea or vomiting. Some con.stiparion had been noted previou.sly, 
but no cathartics had been administered. The past Iiistory u'as negative. 


U'-IvttsITv Of OKcof MtPICAL SoiPM 

Hovpatali anti OiOirt 

CRAPUIC R£COao 



Thysical Examination: Temperature, 100.4° F.; pulse, 82; respirations, IS. 
The nose and tliroat were definitely injected. The chest was resonant and clear 
throughout. The abdomen ' ivas fiat and there were marked tenderness and muscle 
oasni over JIoBurney’s point. Some tendernc.Hs was noted liigh on the right on 
TMtal examination. Urinalysis was negative. IVhife blood count, 12,700; polymor- 
nhonuclear leucocytes, 79; small lymphocytes, 10; polymorphonuclear eo.sinophile.s 
^ loo 1 •" staff cells, 3; sedimentation rate, 15 minute.s, 4 mm., and 45 

1 ’ nionocycci, j - j 

Acute appendicitis; resolving common cold. 

A esthesia- Cyclopropaiio, premedication, atropine .sulfate gr. Yjuo, -sodium 


rnt-mf- “Appendectomy, JIcBurney mu.scle-.splifting incision, 
Ope a ID ■ .J j^eate suppurative appendiciti.s. 

Pai/ioioiJtc ^ J , first postoperutive day thp puise 

Postoperative Course. 


, 210 drains, 
ro.'ip to ns and 


A STUDY OF CAPILLAEY PERMEABILITY AND INFLAM- 
MATION IN THE SKIN OF RABBIT GIVEN ADRENALIN'-^ 

R. H. Rigdon, M.D., Memphis, Tenn. 

(From the Department of Pathology, University of Tennessee Pathological Instituted) 

P REVIOUS experiments have shown that trypan blue given intra- 
venously will localize and concentrate in areas of skin treated with 
xylol only when this irritant is applied within a period of less than 
three hours preceding the injection of the dye. Xylol applied to the 
normal skin of the rabbit produces hyperemia within twenty to sixtj^ 
seconds. This hyperemia is subsequently followed by edema and an 
infiltration of the area with leucocytes.^ Hyperemia apiiarently re- 
sults from a dilatation of the capillaries, venules, and arterioles. Lewis” 
has suggested that such a reaction may result from a local chemical 
change connected with tissue metabolism and tliat it is independent of 
nerve control, either central or local. 

Adrenalin injected intradermally produces blanching of the rabbit’s 
skin. Lewis^ states that this drug acts directly upon the arterioles, capil- 
laries, and venules. Cotton and his associates^ concur with Lewis. 
Krogh'* has expressed the opinion that the effects of adrenalin on the 
capillaries are produced through its action on the Rouget cells. All 
physiologists, however, are not in agreement with Krogh. Some hold 
that the contraction of the capillaries results from the direct action of 
the drug on the endothelial cells. 

PickrelP recently has sIiovti that rabbits narcotized with alcohol or 
ether show only a few polymorphonuclear leucocytes in areas of skin 
where pneumococci and aleuronate ivere injected. Cressman and I,® also 
studying the effects of anesthesia on capillary permeabilitj' and inflam- 
mation, injected staphylococci, pneumococci, and aleuronate intrader- 
mally in rabbits anesthetized with alcohol, ether, and nembutal. Some 
of our animals narcotized with alcohol or ether did not develop a local 
inflammatorj^ reaction, while other rabbits given the same anesthesia 
did show a reaction similar to that in the controls. All the rabbits 
narcotized with nembutal and injected with the same baeteria, however, 
developed an inflammatory reaction similar to that in the controls. 

It is well known that adrenalin will counteract the swelling induced 
by the application of irritants to the skin. The edema produced by 
histamine may also be prevented by the injection of adrenalin. In view 
of this action of adrenalin on the vascular system it was thought impor- 
tant to study its effect on capillary' permeability and the development of 
an inflammatory reaction at the site of injection of a saline suspension 
of staphylococci. 
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the followin^r interspaces: dorsal 10, 11, 12, and lumbar 1. Relief of all pain was 
noted on completion of the bloclc. 

Immediately following; this procedure the patient began to cough vigorously and 
expectorated largo quantities of mucopurulent sputum. An abdominal binder was 
applied and the patient was encouraged to cough and was aided in evacuating the 
secretions by frequent changes in position, percussion over the chest, carbon dio.\-ide 
inhalation.s, and ammonium chloride 10 grains every four hours. Three hours later 
examination revealed some persistent dullness, but the breath tones came through 
much clearer than previously. During the third and fourth postoperative days the 
patient continued to cough up .niqderate amounts of sputum and the chest 'signs 
rapidly cleared. On the fifth •postoperative day there was no further cough or 
abnormal signs in the chest. ■ 

The possibility of separatioji of the operative wound following 
violent coughing must be borne in mind and support of the abdominal 
wall is indicated. During the period when atelectasis is most likely 
to occur, the catgut sutures are said to retain their maximum strength. 
It is true that the added strain of severe coughing occasionally may 
break or tear out the sutures, but urgent measures are warranted if the 
more serious pulmonary complications are to be avoided. 

I am perfectly aware that the prognosis in postoperative atelectasis 
is good and resolution occurs in the majority of cases following the 
usual methods of treatment. The results in these two cases, however, 
were so striking that there seems to be no doubt that the production 
of anesthesia in the wound played a significant role in the rapid clear- 
ance of symptoms and signs. These eases can hardly be regarded as a 
conclusive test of a procedure, yet the results observed in the three 
eases where prophylactic injection was carried out and the two cases 
reported here convince me that this method of treatment is of prac- 
tical value. 

coNcnusiON 


Two eases of postoperative atelectasis which were successfully treated 
by paravertebral bloek anesthesia of the operative wound are reported. 
It is suggested that this procedure which temporarily abolishes pain 
in the wound and allows for active hyperventilation of the lungs and 
effective coughing may prove to be an important adjunct to the usual 
methods now utilized in combating this condition. 
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The skin, however, becomes reddish brown in color where xylol is 
applied in the rabbits treated with xylol either before or after the 
intradermal injection of the adrenalin. This peculiar color appears 
fifteen to thirty minutes following the application of the xylol. The 
larger blood vessels in these areas of skin appear dilated. Fig. 1 shows 
the reddish brown color of the skin in a rabbit given adrenalin intra- 
dermally after which xylol was applied to the local areas. Two-tenths 
cubic centimeter of adrenalin was injected intradermally into the cen- 
ter of Areas 1 and 2. Xylol was then applied to the skin in Area 1 five 
minutes latei’. Xylol was also applied at tliis time to Area 3. The skin 
was blanched in Areas 1 and 2 at the time the xylol was applied to the 



Fig. 1. — Hyperemia in areas of skin treated by the local application of xylol. Two- 
tenths cubic centimeter adrenalin, 1:1,000 dilution, was injected intradermally at X 
in Areas 1 and 2. Xylol was applied over Areas 1 and 3 five minutes later. The skin 
in Area 3 was hyperemic after one minute. Area 3 was hyperemic after fifteen 
minutes. Area 2 was pale in color at this time. Area 1 was reddish brown in color 
after two and one-half hours and Areas 2 and 3 were blanched at this time. 

skin in Area 3. The skin was also hyperemic in Area 3 five minutes fol- 
lowing the application of xylol. This hyperemia decreased, howevei’, 
after ten to twenty minutes. This diminution in hyperemia apparently 
followed a diffusion of the adrenalin from Area 2 into Area 3. Such a 
decrease in the hyperemia as observed here never occurs when tlie ad- 
renalin is injected in the skin on one side of the rabbit and the xylol 
is applied to the skin on the opposite side. The skin in Area 1 was 
slightly reddish brown in color fifteen minutes following the applica- 
tion of the xylol. This color gradually increased in intensity for ap- 
proximately two hours. Fig. 1 was made two and one-half hours fol- 
lowdng the application of the xylol. 

The following experiment illustrates the changes in color which occur 
in the skin following the intradermal injection of both adrenalin and 
saline solution and also the localization and concentration of trypan blue 
in xylol treated areas of skin in the presence of both saline and ad- 
renalin. Four areas were outlined on the skin on the right (Fif^ o j o 
3, and i) and three on the left (Fig. 2, 5, 6, and 7 ) ; 0.3 c.c. of "saline 
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METHODS AND MATERIAU 


^ Rabbits were used iu this study. They were carefully shaved twenty- 
four hours or more before the experiment was begun. Several areas 
of skin, apx)ro.ximately 2 bj’’ 2 cm., were outlined with India ink in those 
experiments where xylol was used as the local irritant. Duplicate ob- 
servations were usually made in each animal. 

Xylol on a cotton swab was lightly applied to local areas of skin. Care 
was taken not to traumatize the tissue. A 10 c.e. volume of 0.2 per cent 
solution of trypan blue was given intravenously immediately following 
the application of xylol. A I'ecord was made of the time when xylol 
was applied in those expeilments where an interval elapsed before the 
dye was given. The intensity of the local staining of the skin was 
influenced by the interval between the application of the irritant and 
the intravenous injection of the dye. 

The adrenalin was diluted l.TOOO (Parke-Davis preparation). It was 
given intravenously iu the marginal ear vein in those experiments in 
which the systemic effects were studied. It was injected intradermally 
into the blebs produced by the staphylococci when the local effects 
were studied and also intradermally into the xylol-treated areas of 
skin when its local effects on capillary permeability were observed. 
The amount of adrenalin and the frequency with which it was injected 
varied with dift’erent rabbits; usually 0.2 to 0.5 e.c. was given either 
intradermally or intravenously at each injection. The frequency of 
the intravenous injections and the amount of adreiialin were influenced 
by the general appearance of the animal. The quantity of adrenalin 
given to the different animals is illustrated by subsequent data. 

Five-tenths cubic centimeter of an eighteen- to twenty-four-hour 
broth culture of a iioiitoxic producing sti-ain of staphylococci was in- 
jected intradermall.v to produce the local areas of inflammation. A 
quantity of physiologic saline solution equal to the adrenalin was 
injected into corresponding areas for the control observations on the 
same animal. The skin at the site of injection of the bacteria was 
removed after six to eight liours and fixed in a 10 per cent solution 
of formalin. Sections were stained routinely with hematoxylin and 
eosin. Select sections were stained by Giemsa's method to demon- 
strate the bacteria. 


nvpmmvRY permeability in loc.u. areas of the rabbit's skix i.v the 

PRESENCE OF .IDKEN.VLIN INJECTED INTRADERMALLY 

The first experiment is a study of the influence of local injections of 
. ojj the localization and concentration of trypan blue in areas 

^lolihit 's skin treated with xylol. 

wv constriction which normally follows the intradeimal m- 
. "^1^® ^Tndvenaliu extends outward for several centimeters from tlie 
jection 01 mhis blanched reaction remains fm- .several hours, 

point of inoculation, m 
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Tile skill, however, becomes reddish brown in color where xylol is 
applied in the rabbits treated with xylol either before or after the 
iiitradeiTiial injection of the adrenalin. This peculiar color appears 
fifteen to thirty minutes following the application of the xylol. The 
larger blood vessels in these areas of skin appear dilated. Fig. 1 shows 
the reddish brown color of the skin in a rabbit given adrenalin intra- 
dermally after which xylol was applied to the local areas. Two-tenths 
cubic centimeter of adrenalin was injected intradermally into the cen- 
ter of Areas 1 and 2. Xylol Avas then applied to the skin in Area 1 five 
minutes later. Xylol was also applied at this time to Area 3. The skin 
was blanched in Areas 1 and 2 at the time the xylol was applied to the 



Fig. 1 . — Hyperemia in areas of skin treated by the local application of xylol. Two- 
tenths cubic centimeter adrenalin. 1:1,000 dilution, was injected intradermally at X 
m Areas 1 and 2. Xylol was applied over Areas 1 and 3 five minutes later. The skin 
in Area 3 was hyperemic after one minute. Area 3 was hyperemic after fifteen 
minutes. Area 2 was pale in color at this time. Area 1 was reddish brown in color 
after two and one-half hours and Areas 2 and 3 were blanched at this time. 


skin in Area 3. The skin was also hyperemic in Area 3 five minutes fol- 
loAving the application of xylol. This hyperemia decreased, however, 
after ten to twenty minutes. This diminution in hyperemia apparently 
followed a diffusion of the adrenalin from Area 2 into Area 3. Such a 
decrease in the hyperemia as observed here never occurs when the ad- 
renalin is injected in the skin on one side of the rabbit and the xylol 
is applied to the skin on the opposite side. The skin in Area 1 was 
slightly reddish brown in color fifteen minutes folloiving the applica- 
tion of the -xylol. This color gradually increased in intensity for ap- 
proximately two hours. Pig. 1 Avas made tAvo and one-half hours fol- 
lowing the application of the xylol. 

The following experiment illustrates the changes in color which occur 
in the skin folloAving the intradermal injection of both adrenalin and 
saline solution and also the localization and concentration of trypan blue 
in xylol treated areas of skin in the presence of both saline and ad- 
renalin. Four areas Avere outlined on the skin on the right (Fi'>' i o 
3, and -i) and three on the left (Fig. 2, 5, 6, and 7) ; 0.3 c.e. oflaline 
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solution was injeck-d intrader, naily in eacl, of tJ,e areas on the vMit and 

tife eft Xvlof ' ^^tvndevnmUy into each of the areas on 

the Ik i i rr ^ ^ immediately following 

tic njection of the saline solution and the adrenalin. Six hours later 

lmmedial<!ly lolloinns: the lost applicMion at xj-Iol, The skin was 



Pig*. 2. — Rabbit -iSl : localization ami concenti'ation of trypv'in biae in areas of 
rabbit's skin treated Avith xylol. These areas were previously injcctetl intradermally 
with 0.3 C.C. saline solution and adrenalin. Areas 1, 2, 3, and 4 were injected with 
saline solution and Areas 5, G, and 7 with adrenalin. Xylol was applied over .rlreas J 
and 0 immediately following the injection of the saline solution and tlie adrenalin. 
Xylol was applied over Areas 2, 4, and 7 six hours later. Trypan blue wtis Injected 
intravenously immediately following the last application of .xylol. The dye JDcaJl;icd 
only in Areas 2 and 4. Photographed after tiiirty minutes. 


blanched in Areas 5, 6, and 7 fifteen minutes following the injection of 
the dye. The skin in Areas 2 and 4 was blue at this ti,i)o. There ,vas no 
dye in either Area 1, where saline solution was injected and xylol was 
applied six hoiu-s previously, or in Area 7, wiiere adrenalin was injoeted 
and xjdol was applied. Trypan blue was present only in Areas 2 and 4 
(Fig. 2). 
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A STUDY OF CAPILLARY PERMEABILITY IN THE SKIN FOLLOWING 
INTRAVENOUS INJECTIONS OP ADRENALIN 


Seven rabbits were used in tliis second experiment. Xjdol was ap- 
plied to local areas of the skin both before and after the intravenous in- 
jection of the adrenalin. The normal skin and the hyperemia produced 
by xylol blanched following the first intravenous injection of adrenalin. 
The skin then remained pale throughout the experiment. A protocol on 
one rabbit illustrates the changes observed in the skin and also the 
effects produced by adrenalin on the localization and concentration of 
tiypan blue following the local application of xylol. 


11:15 A.M. 
11:26 
11:35 
11:40 
11:45 
11:46 
11:50 
11:51 
11:55 
1:00 P.i[. 


0.2 

0.2 

0.2 

0.2 


c.c. adrenalin intravenously 
c.o. adrenalin intravenously 
c.c. adrenalin intravenously 


xylol applied Area 1 
xylol applied Area 2 
xylol applied Area 3 
xylol applied Area 4 
xylol applied Area 5 


c.c. adrenalin intravenously 
15 c.c. of 0.2 per cent tr}'pan blue intravenously 
Area 5 ; the skin is light blue 
Area 4 ; the skin is light blue 
Trypan blue is present in Areas 3, 4, and 5 
Trypan blue is present in Areas 1, 2, 3, 4, and 5; there 
is a progressive decrease in the intensity of color, however, 
in Area 5 to Area 1 


The dye did not appear in the xylol-treated areas of skin as quickly 
in some of the rabbits given a larger quantity of adrenalin as it did in 
the rabbit shown in the above protocol. Such variations, however, are 
observed in normal rabbits. 

All of these exiieriments show that trypan blue localizes and concen- 
trates in the xjdol-treated areas of skin even when there is a quantity 
of adrenalin in the circulating blood sufficient to produce vascular con- 
striction and inhibits the hyperemia that normally occurs following the 
local application of xylol. 

EFFECTS OF ADRENALIN GIVEN INTR^UJERMALLY ON THE INFLAJIMATORY 
REACTION PRODUCED BY ST^VPHYLOCOCCI 

The results obtained in the preceding experiments show that adrenalin 
injected intraderm all inhibits the localization and concentration of 
trypan blue in areas of skin treated unth xjdol, while adrenalin injected 
intravenouslj" does not prevent the localization and concentration of 
Irjqian blue in areas of skin treated with xjdol, although it maj’ inhibit 
the development of hj'peremia and edema. 

Seven rabbits were used in the third experiment to studj- the effect of 
adrenalin injected intradermallj- on the local inflammatorj- reaction pro- 
duced by staphylococci. Four areas were injected intradermally with 
the broth eidture of staphyloeoeei. Adrenalin was injected immediately 
m two of these four areas and a similar quantity of saline solution was 
injected at the same time into the other two areas. The injection of 



le adi-enaiin and the saJin^. i • 

six Iioiu-s Tn f 1 showed neithei- li-, ^ sfaphjdo- 

-«ec. .-.«. eeh-^:Ut%rr 0^ S“e'ri;S 

i-abWt in the group 





. 6 . — Kabbit 5i0 ' 0 S r ^ • . — 

intradermaUy into four areas* broth culture nr 

mtraderniany into two of thiie cS h[jtter 

tion was injected at the ^^”»ediatoiv adrenalin 

f^n^ ^P^ution and the adrenalin^ other two blebs^^Ti^'^’ 

ber or rbe leocoerte. oS^SlHS 

> 1 . - ^ 


’ uiicteria in Area 2. 

showed approximately the same inimbej- of lo„n„„ , , 

cocci in the areas injected with adrenalii. ns „• ' ®‘'*Pi>yJo- 

iujeeted with saline solution. * iwsent hi the areas 

The degree of pliagocytosis by individual Jeueoevfo. ;<.■ n 
sections regardless of tl,e presence of ei,j,„ ' *“.'nal,“. 

EFFECT OP INTKAraXOUS IXJECTIOXS OF inpit-v . , 


soiution or adrenalin, 

EFFECT OP INTKAraXOUS IXJECTIOXS OP ADBEXlE/.V OY Tfrp rx-r,, 

RErVCTIOX PRODUCED BY STAPHVLOCOCCI 


«ra.vui.ivr.a t ivuuoViOLr K1 STAPHiXOCOCCI 

In the preceding experiment it was found that the number of leneo 
cytes were decreased in areas of skin where adrenalin was injected intra 
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dermally as compared with similar areas of skin injected intradermally 
with saline solution. Six rabbits were used in this experiment to deter- 
mine the effect of adrenalin, when given intravenously, on the inflam- 
matory reaction produced by staphylococci. Four rabbits were used in 
the control group. The frequency of the injections and the amount of 
adrenalin are illustrated by the following experiment ; 


9:35 A.M. 

0.25 c.c. adrenalin intravenously 

9:50 

0.2 e.c. adrenalin intravenously 

0.2 c.c. of eighteen-hour infusion hroth culture of staphylo- 
cocci injected intradermally into four areas 

10:00 

0.2 c.c. adrenalin intravenously 

10:20 

0.2 c.c. adrenalin intravenously 

11:00 

0.2 c.c. adrenalin intravenously 

11:30 

0.2 c.c. adrenalin intravenously 

12:00 

0.2 c.c. adrenalin intravenously 

12:45 p.Ji. 

0.2 c.c. adrenalin intravenously 

1:30 

0.2 c.c. adrenalin intravenously 

2:10 

0.2 c.c. adrenalin intravenously 

3:10 

0.2 c.c. adrenalin intravenously 

3:50 

Killed, section of the skin injected with staphylococci 
removed for histologic studies 


One of the rabbits in this group died four hours after the experiment 
was begun. The four areas injected with staphylococci in this animal 
did not show any hyperemia, edema, or leucocytes. Two of the remain- 
ing five rabbits also did not shorv either hyperemia or edema in the 
areas of skin injected with the staphylococci. There was some diminu- 
tion in the number of leucocytes about the organisms in these two 
animals as compared with the controls. Three of the five rabbits, how- 
ever, showed both hyperemia, edema, and esseutiallj'^ the same number 
of leucocytes about the staphylococci as were present about the bac- 
teria in the control animals. 


DISCUSSION 

These experiments show that trypan blue when given intravenously 
does not localize in xylol-treated areas of skin when adrenalin is injected 
inti'adermally into the same area. These observations suggest that ad- 
renalin either prevents an increase in capillarj' permeability or this drug 
produces complete vascular occlusion and thereby prevents any of the 
dye from reaching the local areas of the skin. The presence of a reddish 
brown color in the skin thirty minutes following the intradermal injec- 
tion of adrenalin and the local application of xylol indicates that certain 
vascular cliaiinels must be patent. It is interesting to recall in regard 
to tliis reaction that Krogh^ found the vessels in inflamed ti.ssue unre- 
sponsive to adrenalin. The failure of the xylol-treated areas of skin to 
stain blue following the intravenous injection of trypan blue may be 
explained, therefore, on a failure of the individual cells to stain rather 
than upon the failure of the dye to reach the area. 
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These observations furthermore suggest that the local staining of 
xylol-treated areas of rabbit’s sldn by trypan blue ma.y represent not 
only an increase in the permeability of the capillaries, but also a change 
occurring in the permeability of the tissue cells. Ivline and Wiuternitz- 
state that the nucleus of a living cell never stains rdtally, but as soon 
as a cell is injured its nucleus absorbs the stain. In view of the obser- 
vation of Kline and Winternitz it would appear likely that the staining 
of an area of skin treated with xylol may indicate that some change 
occurs in the tissue cells following the application of this irritant rather 
than that the localization of trjTjan blue indicates onlj’^ an inez'ease in 
capillary permeability. Adrenalin apparently may inhibit either the 
adsorption or the absorption of trypan blue by the cell, although the 
latter may be injured. 


It is interesting to note that in these experiments the hyperemia may 
be absent in the skin of rabbits in which adrenalin is given intraz'e- 
nonsly ; however, when trypan bine is given intravenously, it localizes 
and concentrates in these areas of skin recently treated with xylol. 
This experiment indicates that hyperemia is not essential for the locali- 
zation and concentration of trypan blue. Previous experiments have 
also shown that hj'peremia and edema are not essential for the localiza- 
tion and concentration of trypan blue.^ Increase in capillary permea- 
bility as shown by the localization of trypan blue may frequently occur, 
however, in tissues when they are hyperemic and edematous. 

The failure of leucocytes to localize in the tissue about staphylococci, 
when adrenalin is injected intradennally, may be explained by vascu- 
lar obstruction and a failure of the leucocytes to reach the area. The 


pi’esence of leucocytes, however, about the staphylococci in the rabbit.s 
«iven adrenalin intravenously may be clue to the low concentration of 
this drug in the local tissue. There was a complete absence of leuco- 


cytes about the staphylococci in two i*abbits given adrenalin intrave- 
nously. It does not appear likely that the absence of leucocytes can 
be accounted for through the direct effect of adrenalin on the local 
blood Awssels. The amount of adrenalin given to five rabbits in this 
experiment was snlBcient to prevent the occurrence of eitlicr hyper- 
emia or edema, but apparently it was an insufficient quantity to pre- 
vent the localization of pol.mnorphonuclear leucocytes about the bacteria. 
The results obtained in this study would suggest that xylol when ap- 
Incallv iniures tissue cells and such cells may then either adsorb 
^ 1 .K ti-vmn blue dye.s. The period in which the epithelial cells 

or a SOI - ‘ tmqzan blue is approximately three hours follow- 
ramauxperneab tonjT Idealization and concentration of 

ing the app w. of "iniury maj' be an index of increased capillary 
it apparentlV is also an indication of the duration in 

Sichaceliis injured. 
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SUMMARY 

Adrenalin given intradermally or intravenously in large quantities 
inhibits the development of hyperemia in the skin ndiere xylol is applied. 
Tiypan blue, when given intravenousljq fails to localize and to concen- 
trate in areas of rabbit’s skin where adrenalin is injected intradermally 
and xylol is applied locally although the area becomes reddish brovui in 
color after twenty to thirty minutes. Trypan blue localizes and concen- 
trates in areas of the skin treated with xylol when the rabbit is given 
large quantities of adrenalin intravenously. This variation in the 
localization of tiypan blue in areas of inflammation in rabbits given ad- 
renalin intravenously and intradermally may be explained by a differ- 
ence in the concentration of the drug in the local areas of tissue. 

The number of poljTnorphonuclear leucocytes is decreased around 
staphylococci when adrenalin is injected intradermally. There is usually 
also a diminution in the cellular reaction around groups of staphylococci 
in those animals given large quantities of adrenalin intravenously. The 
failure of leucocytes to reach an area of sldn infiltrated ■with staphylococci 
when the animal is given large quantities of adrenalin intradermally or 
intravenously apparently may be the result of vascular constriction. 
The number of leucocytes within the blood vessels in such areas of inflam- 
mation is less than in the controls. 

The failure of trypan blue to localize in areas of sldn where xylol is 
applied and adrenalin is injected intradermally would suggest that hy- 
peremia and an increase in capillary permeability as manifested by a 
localization and a concentration of trypan blue do not neeessarilj^ have 
to occur simultaneously. Furthermore, the staining of an area of inflam- 
mation in the skin of a rabbit suggests that the permeability of the tissue 
cells as well as the endothelial cells of the capillaries is changed follow- 
ing the local application of xylol. 
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These observations furtliemore suggest that the local staining of 
xj'lol-treated areas of rabbit's sidn by trypan blue may represent not 
only an increase in tlie permeability of the capillaries, but also a change 
occurring in the permeability of the tissue cells. IQine and Wijiternitz' 
state that the nucleus of a living cell never stains vitally, but as soon 
as a cell is injured its nucleus absorbs the stain. In view of the obser- 
vation of Kline and Winternitz it would appear likely that the staining 
of an area of sldn treated with xylol may indicate that some change 
occui’s in the tissite cells following the application of this iz'ritant rather 
than that the localization of trypan blue indicates only azx izzcrease izi 
capillaz'y pez'meability. Adrenalin apparently may izzhibit either the 
adsorptiozz or the absorptioiz of tryizan blue bj*^ the cell, although the 
latter may be injured. 

It is interestizig to note that izz these experiments the hyperemia may 
be absent izz the skin of z’abbits iiz which adrenalizz is givezz intrave- 
nously; however, whezi tzypazz blue is givezz izztrazmnously, it localizes 
azzd concentrates izz these areas of skin reeezitly treated with xylol. 
This experiznent indicates that hypereznia is not essential for the loeali- 
zatiozi and eoneentratiozz of tiypazz blue. Previous experimezzts have 
also shown that hyperemia and edezna are zzot essential for the localiza- 
tion azzd eoncezitration of trypazz blue.' Increase izz capillary permea- 
bility as shoAvn by the localization of tzypazi blue may frequently occur, 
however, in tissues zvhen they are hyperezzzic azzd edeuzatous. 

The failure of leucocytes to localize izz the tissue about staphylococci, 
when adrenalin is injected intraderznally, may be explaizzed by vascu- 
lar obstruction and a failure of the leucocytes to reach the area. The 


presence of leucocytes, hozvevez', about the staphylococci in the z'abbits 
o'iven adrenahu izztraveziously may be clue to the low eoneentratiozz of 
this dz'Ug in the local tissue. There zvas a coznplete absence of leuco- 
cytes about the staphylococci in tzvo rabbits givezz adz-enalin intravc- 
zzoizsly. It does not appear likely that the absence of leucocytes can 
be aceouzzted for through the direct effect of adrenalin on the local 
blood vessels. The azzzouzzt of adz-ezzalizz given to five rabbits izz this 
experiizzent was sufficient to prevent the occurrence of either hypez'- 
emia or edema, bizt apparently it zvas an insufficient quantity to pre- 
vent the localization of poljmzoz-phonuclear leucocytes about the bactci-ia. 

The results obtained in this study zvonld suggest that xylol zvhcn zip- 
locnllv inizzres tissue cells and such cells may then eithci- ad.sorb 
^ .1 trvTzan blue dyes. The pei-iod izz which the epithcbal cells 

^ -^^uermeable to trypazz blue is appi-oxinzatcly t)zz-cc honi's follow- 
rezzzazn P .‘ . j xvlol. The localization and cozicenti’atiozi ot 
ing the app iCt of hziury zzzay be an index of incz-ca.sed eapillizz-y 

pe«Wlity”«” 

which a cell is injured. 
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unwilling to assume that responsibility. During the course of the 
next ten years, repeated efforts were made to get some recognized 
authority to establish a control over sterile surgical products. The 
Hospital Standardization Committee of the American College of Sur- 
geons was appealed to, but claimed that they had no funds or labora- 
tory space which could be used for the purpose. The American iMedi- 
cai Association was therefore called upon for help and appointed a 
Committee from members of the Surgical Section of the Association 
to study the problem. This Committee believed that it would be wise 
to set up not only a standard of sterility for catgut but standards of 
other desirable physical properties, such as size, tensile strength, and 
absorbability. The Committee studied the problem carefully, recom- 
mended a complete set of catgut standards, and advised the American 
Medical Association to set up a continuous control. This proposal 
was turned down by the A. M. A. The reason given was that it was 
thought that the situation had improved to such an extent that there 
was no longer any need for such a control and therefore the expense 
would be unwarranted. The matter was referred to the Council on 
Pharmacy and Chemistry. This body assigned one of its members 
to investigate the situation and after a year’s study it was found that 
conditions had considerably improved in the course of ten years, but 
that unsterile catgut was still being sold. 

The New York Academy of Medicine’s Committee on Public Health 
Relations then became interested and promised to establish some kind 
of control if it were not possible to persuade some governmental agency 
to do so. About this time the Food and Drugs Administration was 
asked to examine a lot of suspected catgut and found it to be unsterile. 
They at once confiscated the goods and began a court action against 
the offending firm, on the assumption that the Pure Pood and Drugs 
Act had been violated. Their contention was upheld by the court, but 
the case was appealed on the basis of the assertion that catgut was not a 
drug and therefore the sale of unsterile catgut was not a violation of 
the Act. 

This uncertainty was clarified when the new Food and Drugs Act 
was formulated and adopted last year. It is specifically stated therein 
that not only catgut but also all sterile surgical supplies, including 
cotton, gauze compresses, bandages, bandaids, first aid dressings, ad- 
hesive plaster, plaster of Paris, etc,, are drugs because they are used 
in the treatment of disease. If they are put out as sterile goods to he 
introduced into the human body or applied to its surface, there must 
be no contamination or adulteration with bacteria or any other ex- 
traneous matter. 

The U. S. Pharmacopoeia has, for some time, been accepted as the 
standard authority for pure drugs. With the passage of the law it 
became the duty of the Revision Committee of the Pharmacopoeia to 
set up standards for these sterile surgical supplies. An advisory board 
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P'lF'TEEN years ago five patients, operated upon in a single week in 
a certain New York hospital, died of operative wound infections all 
of the same general charactei". Prom the last ease of this series a 
spore-forming organism of the gas gangrene group was cultivated. It 
was found to be extremely pathogenic for sever'al species of laboratory 
animals and produced a powerful specific toxin. The same species of 
organism was cultivated from two specimens of catgut of the same 
batch as that used in all of these operations. This seejned to prove 
beyond peradventure of a doubt that the catgut had not been sterilized 
and that the catgut was responsible for the infections. 

This led to a comprehensive study of the problem of catgut sterility. 
Eaw catgut is contaminated with pathogenic intestinal bacteria which 
must be killed before it is safe to use as suture material. A siu'vey 
was made of specimens of catgut purchased on the open market. 
Twelve and one-half per cent of 174 specimens distributed by seventeen 
different firms and purchased in eleven differejit states were found to 
be contaminated with spore-foianing organisms. Seven out of seven- 
teen firms were implicated. 

A test for sterility was devised to detect the presence of the most 
fastidious anaerobe imbedded in any size of catgut preserved in any 
kind of suspending fluid if it has not been destroyed iii the sterilizing 
process. It is not feasible for surgeons and it should not be necessary 
for hospitals to test the sterility of the catgut which they use. The 
responsibility lies with tlie manufacturers of tl)e product. It is obvious 
that, if every catgut fimn subjected specimens from every sterilizing 
batch of catgut to such a sterility test before releasing the catgut for 
sale, it would hardly be possible for hospitals or doctors to purchase 


and use any unsterile catgut. 

How could catgut firms be made to test their product and store it 
Ion"- enough to be sure of its sterility before offering it for sale ? The 
only practical proposal which was made to accomplish this feat was to 
set up a reliable Control. Specimens of catgut would have to he pur- 
hased on the open market and be tested in some laboratory according to 
terility test devised. Tlie Control should then immediately stop the 
Lrther distribution of any faulty material. Tins would mean con- 
^ V O' all of the unsterile batch and making it known to the surgical 
that the product was unreliable. 

i^Lau of Standards was asked to undertake such a control but 
The Buie riin Xational Institute o 


refused to do so. 


In like manner the National Institute of Health was 


S4S 


Review of Recent Meetings 


REVIEW OP THE TWENTY-THIRD MEETING OP THE 
AMERICAN SOCIETY FOR THORACIC SURGERY, 
CLEVELAND, OHIO, JUNE 6, 7, AND S, 1940 

N. Logan Leven, M.D., St. Paul, ]\Iinn. 

(From the Department of Surgery, University of ^Minnesota) 

O N JUNE 0 the program was arranged as a joint session of the American Asso- 
ciation for Thoracic Surgery and the National Tuberculosis Association. 

Andre Coumand, D. W. Kichards, Jr., and Herbert C. Maier, New York City: 
Tonns of Pulmonary Insufficiency Associated With Collapse Therapy. — ^In patients 
with physical disability due to disease of the lungs or restriction of breathing 
apparatus, three general forms of insufficiency can be recognized: (1) failure of 
pulmonary ventilation, leading primarily to dyspnea (ventilatory insufficiency); 
(2) failure of respiratory gas exchange, leading to anoxemia and cyanosis 
(respiratory insufficiency); (3) combined failure of ventilorespiratory and of 
cardiocirculatory luechanisms, with variable symptomatology. Two cases are 
presented which illustrate different aspects of ventilatory, respiratorj", and' circu- 
latory insufficiency associated with collapse therapy. 

G. G. Omstein, New York City, suggested a simple test for a surgical margin of 
safety ; namely, if the ma.ximum minute ventilation is si-x times the resting ventilation, 
surgerj- is safe. Max Pinner, Ithaca, N. Y., pointed out that the minute ventilation 
was important in reference to surgery depending on the distribution between both 
lungs. He stated that diaphragmatic paralysis produced the lowest breathing reserves, 
lowered the oxygen concentration, and increased latent pulmonary congestion; 
and that post-thoracoplasty scoliosis did diminish breathing reserves but did 
not produce respiratory insufficiency or cardiorespiratory impairment. 

, E. P. Eglee, B. H. Wylie (by invitation), and Adrian V. S. Lambert, New York 
City: Empyema and Gnexpanded Lung Problems in Pneumothorax. — A report of 
a series of empyemas in the course of pneumothora.x met with at Bellevue Hospital 
and in the Bellevue Clinic during the i)ast live or ten years is presented. One 
hundred and thirty-six cases, or 7.8 per cent of all pneumothorax cases, developed 
empyema; the criterion for empyema being “thick pus’’ and not moroly turbid 
fluid. The treatment consisted of drainage of. the empyema by thoraeotomv to 
reduce the surface of infection followed by thoracoplasty and later a Scliedo 
operation. 

Louis Davidson, New York City, pointed out that two-thirds of these empyemas 
have a brom-liopleural listula and that this type of case when promptly treated :is oJt- 
lincd offered 68 per cent cures. All thoracotomy patients not followed bv tlioraco- 
plusty il ie. Jerome B. Head, Chicago, .slated that most cases of empyema compliemt- 

Keoelvcd for publication, Ausus-t 23, 1940. 
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was selected to help in establishing these standards. This Board is 
composed of Dr. George McCoy, Dr. Harrison, of the National Institute 
of Health, and Dr. Louis Qei-shenfeld, of Philadelphia, with Dr. Artlmr 
Shipley and myself representing the surgical profession. The Board has 
met on numeroirs occasions with representatives of the Bureau of Stand- 
ards, the Pood and Drugs Administration, the Army and Navj^ supply 
officers, and other government experts as well as with I’epresentatives of 
the manufacturers. Last 3 mar standards were set up for catgut and for 
absorbent cotton. Also a test for the sterilit}’’ of all solid goods was estab- 
lished based on the sterility test which had been developed for catgut. 
These standards were incorporated into the supplement of the eleventh 
decennial revision of the Pharmacopoeia, which was piiblished on 
Jan. 1, 1940, and will go into effect on Jan. 1, 1940. On that date the 
Pood and Drugs Administration began its control over sterile sur- 
gical supplies. The manufacturers of these products will soon have 
to check the sterility of all of their sterile goods and strictly conform 
to the standards or risk the confiscation of these goods and court 
action. It is hoped that these measures will effectively banish nnsterile 
catgut and other liarmful surgical supplies from the market and that 
the surgical profession may purchase and use these goods with absolute 
confidence that they are working with sterile matei'ial and not running 
the risk of infection bj' their use. Thus will the labors of fifteen years 
be amply rewarded. 

While the establishment of this control is the culmination of fifteen 
years of effort, we do not feel that this is to be the end of ouv labors, 
The standards which have been set up are not complete. For example 


the qualities of catgut next jnost important to sterility, which is an 
absolute requirement, are tensile strength and absorbability. Stand- 
ards have been set up for tensile strength, but we expect the majuifac- 
turei's to improve this quality and compete Avith one another in this 
effort. If Ave can get stronger catgut, Ave may employ finer sizes to do 


the same work we are now asking large sizes to do. When this is done 
we Avill undoubtedly Avant to raise the standard of tensile strength. 
With regard to absorbability the material available shoAvs the greatest 
possible "diversity. Some catgut firms haAm been putting out Avbat they 
call ten-, tAventy-, or forty-day chromic catgut, but Avhen Ave a.sked 
them just Avhat these figures meant some claimed that these sutures 
would hold tissues together for that length of time wliile othoi'.s 
id that they meant the suture would resist complete digestion for 
ILt len-^th of time, which is quite a different matter. Other firms eon- 
r tprl themselves Avith the terms soft, medium, and hard to indicate 
PP of taimhm or chroimcizing. It has been impos.sible to devise 
cat"ut absorbability Avhich duplicate conditions in the 
animal tes = many factors are involved ; for example, the 

liAtmaAA body ee various tissues in ivhieh they are placed, and 

tension of the sutines, me 
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Oscar Auerbach and Henry Green, Staten Island, N. Y.: The Pathology of 
Cavity Healing. — This study based essential!}^ on post-mortem material is qualita- 
tive and directed at the methods of cavity healing rather than quantitative in the 
sense of establishing a frequency of healing. Those eases in which the cavities 
undergo healing and death occurs as a result of the complications of chronic pul- 
monary tuberculosis as amyloid uremia, mixed infection empyema, or some cause 
other than tuberculosis have been included in this report. Cavities were re- 
garded as closed clinically when the sputum became negative and serial x-rays failed 
to reveal a preexisting cavity. Healing of the tuberculous cavity occurred in two 
ways: (1) The lumen of the cavity was obliterated (“closed” healing) and (2) 
the lumen of the cavity remained patent (“open” healing). Closed healing results 
either in the replacement of the cavity by a scar or the retention or inspissation 
of caseated material within the cavity, thus filling and obliterating its lumen. Tlie 
junction with the bronchus closes and the wall of the cavity closes concentrically 
with calcification. Healing with an open cavity lumen or open healing may occur 
in the presence of draining bronchi which open widely into the lumen of tlie cavity. 
Two factors occur in this form of healing: first, the complete sliedding of the inner 
zone of caseation, resulting in disappearance of tubercle bacilli from the sputum; 
and, second, the transformation of the tuberculous granulation tissue of the cavity 
wall into a nonspecific fibrous tissue. These two processes probably go on simul- 
taneously. Cavity drainage by means of the Monaldi operation may permit more 
rapid healing of the cavity. 

Max Pinner, Ithaca, N. Y., states that these cases of closed liealing did not 
actually represent healed cavities but were only “cold abscesses.” H. 0. 
Sweeney, Chicago, stated that many people with tuberculous cavitie.s that have 
healed died years later and the scar was overlooked. 


Harold Brunn, Sidney Shipman, and Alfred Goldman (by invitation), San 
Francisco: Intracavitation Studies in Tuberculosis. — Pressure studies, examina- 
tions with the cavernoseope, and also bacteriologic studies of cavities as well as 
bronchoscopic examinations to determine the character of the bronchi were made. 
A method of study of cavities following somewdiat that of Monaldi in Italy was 
presented. It was pointed out that the high tension in some cavities may ac- 
count for some failures of collapse of eav-ities by thoracoplasty and decompression 
by needle or tube rvas suggested. 

Leo Eloesser, San Francisco: Further Experiences With Blocked Cavities 
in Pulmonary Tuberculosis. — klanonietrie measurements by needling the eav'itj-, 
the effect of pneumothorax on cavities, and the effect of inspiration and expira- 
tion and various postures on the shape and size of the cavity as seen in x-ray 
were studied. It w-as pointed out that collapse is theoretically wrong in blocked 
cavities and in these cases needling and aspiration of the cavity is advisable 
just prior to thoracoplasty. 


Edward Kupka and Edwin Bennett, Olive View, Calif.: Suction Aspiration of 
Tuberculous Cavities (the Monaldi Procedure).— Closed cavity drainage has been 
limited to needling in connection with cavity research until its elevation by 
Monaldi into an important therapeutic measure. In I93S he first employed con- 
tinuous or intermittent .suction over a prolonged period through a catheter drain- 
ing the cavity. If disease changes in the parenchyma about the cavity have not 
progressed too far, the suction acts in several ways: (1) initiallv, drainage of 
.mvity eontents, such as pus, blood, detritus, and bacilli; (2) re-exp:insiou of sur- 
rounding atelectasis; (3) rcaeration of surrounding areas of exudative infiltration- 
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ing pneuinotliorax can be cured by conservative treatment if there is not too much 
contralateral disease. Daily irrigations with antiseptic solutions are used to 
sterilize the cavity, avoiding drainage and then performing a simple thoraco- 
plasty. A. V. Lambert, New York City, pointed out that pneumothorax should 
not bo taken lightly. Too often it meant giving a disease to the patient because 
of poor technique or too prolonged utilization of pneumothorax. He stated that 
cases of tuberculous empyema were treated too long medically before coming to 
surgery. 


B. P. Potter, Jersey Citjq N. J.: Hospital Mortality and Life Expectancy of 
Two Groups of Patients Treated With and Without Collapse Therapy— A com- 
parison was made of two groups of patients: the first during the period between 
1026 and 1932, when 6.2 per cent received collapse therapy; the second group 
treated in the interval between 1932 and 193S, when 61.2 per cent of the admis- 
sions were subjected to one or a combination of the procedures of pneumothorax, 
phrenic interruption, and thoracoplasty. The comparison of the total annual 
death rate and death rate per new admission in the two periods indicates a definite 
reduction in the total and per new admission death rate in the later years. 

Jerome U. Head, Chicago, felt that the improvement since 1925 was not all due 
to eollap.se therap}' but to some extent due to more strict rest regimen. 

Minas Joannides, Chicago, stated that collapse therapy decreased the morbidity 
and also the risk of contact bj’ augmenting the frequency of sputum conversion 
and causing the disappearance of cavities. He pointed out that the improvement 
of the patient and the death rate varied directly as did the time in the course 
of the disease at which the patient presented himself. 


K. G, Bloch, W. B. Tucker (by invitation), and W. E. Adams, Cliicago: Stand- 
ards and Criteria in Artificial Pneumothorax Therapy. — Tliis paper pointed out that 
in the management of the tuberculous patient some use pneumotiiorax universally; 
whereas, certain indications should be observed. Collapse therapy demands the 
presence of a cavity and should not be used in noncaseous, nonexcavated lesions. 
Of paramount importance is the combination of artificial pneumothorax with care- 
fully supervised rest treatment. Sanitarium treatment and teaching are necessary 
for the patient. Ambulatory pneumothorax is not advised. The manner in which 
the overwhelming number of reports on results of artificial pneumothorax treat- 
ments have been made in the literature i.s largely responsible for an ovoron- 
thusiasm as to its possibilities in curing tiibercuiosis. Few report.s are based on 
the cognizance of the fact that the succe.ssful treatment means: (a) restoration 
of the lung to its physiologic function, i.e., complete re-e.xpan.sion; (b) adequate 
roentgenologic evidence of healing of the tuberculous involvement, especially of 
the disappearance of cavities; (c) return of the patient to normal life, with 
(■dl persistent ab.sence of tubercle bacilli in the .sputum; (o) persistent absence of 
y symptoms of activity; and (f) complete disappearance of all extrapnimonary 


complications. 

Oniv after at least two year.s of .sati.sfactory application of these criteria 
1 ,Id a mtient be considered as cured by the treatment. A distinct lino i.s to 
Sttou - P‘ , ye.siilts and initial symptomatic improvement which 

be drawn be often iiii.sloadiiig as to the ultimate outcome, 

is frequen an . ■ “gr .standards in judging final result.s tends to reduce the 

The application ot stricitr s 

^ ouT6S^ ^ • 

percentage ot c Riclimond, Va., .stated that he found ambulatory 

In the discussion • thought it wa.s important 

nneumothorax satisfactory u ■ . 
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John S. Harter and Allen A. Lilienthal invitation). Sanatorium, Miss.: 
Extrapleural Pneumonolysis in Artificial Pneumothorax. A Report of 28 Cases. — 
This series of cases included pneumothoraces which were not effective due to 
adhesions, the adhesions being of the tj^pe that could not be severed by the 
closed method or the open method of pneumonolysis. The parietal pleura was 
separated from the chest wall in the region of the adhesion and the pleura opened 
and cut around so as to leave parietal pleura attached to the free adhesions. The 
removal of the pleura around the adhesions transforms a small extrapleural 
pneumothorax into a complete intrapleural pneumothorax. In twenty-eight oases 
operated upon an effective pneumothorax was obtained in twenty-seven. 

i - 

E. J. O’Brien, Detroit, felt that in most cases a thoracoplasty would be of more 
value than this type of procedure. Minas Joannides, Chicago, presented a motion 
picture of an axillary approach for this operation, pointing out that from the 
axillary approach one could work either anteriorly or posteriorly. 


William A. Zavod (by invitation), New York City: Bronchospirography. 1. A 
New Bronchospirographic Catheter and the Technique of Intubation. — A double- 
channeled rubber catheter for intrabronchial intubation was described. The 
channel for the trachea was 9 cm. shorter than the channel for the bronchus and 
each channel had an inflatable bag which permitted separate respiration of each 
lung. Under local anesthesia the catheter was passed into the trachea and the 
left main bronchus. By inflation of the bronchial and tracheal bags studies could 
be made on each lung separately. This catheter is a modification of the Gebauer 
tube presented at a previous meeting. 

George Leiner (by invitation). Max Rinner, Ithaca, N. V., and William Zavod 
(by invitation). New York City: Bronebospirography. 2. Application to Collapse 
Therapy.— In a series of bronchospirographic observations made on patients with 
pulmonary' tuberculosis it was found that neither clinical nor roentgenological 
findings are reliable indices of the functional capacity of the lung. It was 
found that collapse therapy might reduce the pulmonary' ventilation without de- 
creasing the oxygen consumption, indicating a better economy' by compression of 
the diseased tissue only. Thus, there might be an increase of the ventilating 
efliciency' in spite of a reduction in vital caiiacity. The authors felt vital capaci- 
ties were entirely- misleading and that bronchospirographic studies should be made 
in all cases before any irreversible collapse procedure was carried out. 

S. O. Preedlander, Cleveland, stated that, in general, clinical and x-ray evidence 
parallels the bronchospirographic findings and that, while these findings might 
ho decisive in an occasional case, the procedure would not become routine in esti- 
mating the surgical ri.sk prior to collapse therapy. 


David Salkia and A. V. Cadden (by invitation), Hopemont, W. Ya.: Rest and 
Collapse in Pulmonary Tuberculosis. — ^Tliis paper propo.sed a new classification 
of pulmonary tuberculosis. In using this proposed system a series of cases was 
studied to evaluate three different programs of therapy; (1) mild activity, (2) 
strict bed rest, (3) collapse therapy. The use of strict bed rest as a standard 
by which to measure other forms of treatment was .suggested. 


Emil Bogen (by invitation), Olive View, Calif., pointed out that collapse 
therapy produced a higher mortality than re.st in minimal cases hut that iii 
advanced cases collapse therapy reduced the fatality rate. 


A. V. S. Lambert, New York City: Presidential Address. Etiology of Thin- 


Walled Cysts Occurring Within tbe Thorax.— Int rath 


oracic cysts were du-ided 
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(4) compensatory expansion (emphysema) of normal pulmonary tissue within 
a contiguous area; (5) finally, holding of cavity walls in close apposition until 
symphysis takes place. An open or potentially open pneumothorax space is an ab- 
solute contraindication to cavity puncture because of the danger of empyema. To 
seal the pleural surfaces together, single or repeated injections are nuide of the 
patient’s own blood into the pleural space, until repeated pneumothorax attempts 
over the area to be punctured with the trocar fail to elicit manometer fluctuations. 

A tube is inserted and attached to intermittent suction with a trap for secretions. 
Treatment is continued until the cavity is closed and the catheter spontaneously 
extrudes with an upper limit of four to six months. Isolated balloon typo cavities 
between 3 and 8 cm. in diameter Ijdng in the snbclavicular area with little sur- 
rounding parenchymal involvement offer the most favorable indication. In some 
instances closed cavity drainage may be used preparatory to thoracoplasty since 
cavities may reduce in size, sptutum become negative, and the general condition im- 
prove to a point where the major procedure can be done. A series of twenty-five 
cases was reported, the majority of which were still under suction. 

In the discussion of this paper G. G. Ornstein, New- York City, felt that the indica- 
tions for the hlonaldi operation were: (I) a giant ball-valve cavity; (2) bilateral dis- 
ease; (3) marked decrease in pulmonary ventilation. W. A. Hudson, Detroit, stated 
that the Monaldi operation w.as of value in patients rvhore thoracoplasty failed. 
It removed the secretion and prepared the patient for further surgery. In addi- 
tion to drainage Hudson irrigates the cavity with a digestant aiding in the re- 
moval of slough and tuberculous granulation tissue. 


David T. Smith, Durham, N. C.: Treatment of Fungus Infections of the Lung. — 
hlany pathogenic fungi produce diseases in man w'hich have a higher mortality 
than tuberculosis. In the treatment of fungus infection of the lung Smith 
indicated the value of iodides in actinomycosis, of gentian violet in pulmouary 
infection with monilia, of colloidal copper or antimony and potassium tartrate 
in cases of coccidioidal granuloma. He felt that sulfanilamide had proved to 
be of some value in the treatment of actinoniycosi.s. 


In discussion 0. H. Wangensteen, Alinneapoiis, Alinn., pointed out tliat actino- 
mycosis might be endogenous or exogenous and that the actinomyces of the moutii 
resembled the others. Since the actinomyces is anaerobic, uonmotilo, and carried 
by macrophages, he recommended simple curettemcnt of the lesion, removal of 
the dead tissue, and e.xposuro of the lesion to the air, indicating this the major 
factor in the therapy of tliis disease. 

Aleetings on June 7 and S were then held in the auditorium of the Afedieal 
LibKrry Association. 


E 0 Janes and (by invitation) D, B. Aitchison and A. Forsberg, Hamilton, 
n.fi'rio' Extrapleural Fneiunonolysls.— Thi.s paper was l)ased on the stmly of 
' seven case.s There were eight deaths and in two-thirds of the cases 
■'i,!!" ias closure of the cavity with sputum eonversion. Dae-fonrth of the cases 
' r ’ results 'md required Inter thoraeopla.sty. fifteen case.s were converted 
1 , ad poor pennaaent collap.se of the lung. .Special reference wa.s 

to oleothora. solution of the e.xtrapleural space prior to etn.sing 

made snb.sequent obliteration and secondary infection. This 

to avoid clou ,, ureeiit eollap.se is necessary to control Ideediug, 

procedure is indicated where ur„ _ ^ _ 


lore IS in . disease, and in young patients. It may also he useful 
where there is bila .surgery. The pre.senee of a large 

to prepare a very it c.xtrupulmonary di.sea.se, and low vital capacity are 


to u» „ 
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tlifirapy did no good in bacterial endocarditis and tiiat no cures iiave been reported 
since 1924. In these otlierwise liopeless cases this operation should be tried, 

Frederick K. Mautz, Cleveland, Ohio: Mechanism for Intermittent Pulmonary 
InsutBation in Thoracic Surgery. — A respirator built into a gas machine for 
intermittent pulmonary ventilation was demonstrated. Intermittent pressure is 
more efficient in open pneumothorax than the continuous flow mechanism. This 
machine gives perfect control of an open pneumothorax because it is visibly 
adjustable. 

Claude S. Beck, Cleveland, Ohio: Exhibit of Experimental Work on the Heart.— 
A specimen was demonstrated by slides to show definite collateral circulation of the 
coronary with the internal mammary arteries, after ligation of the coronary arteries 
and transplantation of a muscle fat graft in the experimental animal. 

Harold Perl, Cleveland, presented a follow-up study of 30 cases of coronary 
sclerosis operated upon by Beck, following these over a period of from five years 
to throe months after operation. In this series there were twenty-nine men and 
one woman of an average age of al years. All of these patients had failed to 
respond to medical treatment, which consisted chiefly of administration of 
nitroglycoi'in and aminophyllin. While there was no immediate operative mor- 
tality, ten patients died in the period a few hours to a few months following the 
operation, giving a 33 per cent mortality. Of the patients surviving operation an 
excellent result was obtained in ten; that is, the patients were able to return to 
work; in seven the result was considered fair, the patients having moderate pain 
relief, and in three there was no relief of pain. There may be relief of pain and 
the weakness may continue, I. W. Strieder, Boston, presented a case of coronary 
sclerosis that was improved six mouths following an omental graft after the 
method of 0 ’Shaugluicssy. Gastric symptoms developed at that time due to a 
hiatus hernia of the stomach through the site of the transplant of the omentum. 
The patient died forty-five minutes after the reduction of thi.s hernia at operation. 
A rich vascular supply was found present between the omentum and the heart. 

A. E. Brown (by invitation), San Francisco, demonstrated a modification of the 
Jackson bronchoscope. Light was transmitted to the end of the bronchoscope 
through a Incite carrier. By this method a slightly larger working space was 
obtained in larger tubes. The possibility of diversion of the light in any direc- 
tion from the end of the Incite might prove to be of some advantage, 

W. H. Stewart, H. C. Maier, 0. W. Breimer (by invitation), New York City: 
CinS-Eoontgenographic Studies of the Pulmonary Circulation, the Chambers of 
the Heart, and the Greater Blood Vessels, in Health and Disease. — By the rapid 
injection of diodrast into the veins, very interesting motion pictures were made 
of the pulmonary circulation, chambers of the heart, and greater blood ve.s.sehs. 
The possibility of use with this method in diagnosis was pointed out. 

Brian Blades, St. Louis; Individual Ligation Technique for Lower Lobe 
Lobectomy. — A technique involving separate ligation of each anatomical structure 
in the hilum of the lung is recommended for lower lobe lobectomy. The method 
is based on investigations of the surgical anatomy of the lower lobes and experi- 
ences with eleven successful cases in which the procedure was employed. Usin" 
this method a higher incidence of permanent bronchial closure was obtained and 
a decrease in the number of empyemas was found. In eleven cases five did not 
have empyema and six had empyema but not the putrid tj-po. Five of the.se had 
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into three groups; parasitic, , dermoid, and lymphangiomas. These lyiuphatie 
cysts probably arise as diverticuli from the pericardiocoelom by failure of the 
pericardial lacunae to fuse. They should be called poricardiocoelomic cysts. 
These cy.sts are usually di.scovered by x-ray and should be removed before pressure 
symptoms arise. They are thin-walled cysta lying anterior to the pericardium 
and lingula and may be shelled out clean by blunt dissection. They appear to 
lack any blood supply. 


Peter Heiuhecker, St. Louis: Angina Pectoris. — A general review of the 
mechanism of painful sensations and in particular those arising in the heart was 
presented. Whereas pain endings in the skin are easily excited by any stimuli, 
those in the viscera are e.xcited hy tension and ti.ssue metabolites. Ischemia of 
cardiac muscles due to occlusive arterial disease will produce metabolites which 
stimulate pain endings. Muscular effort and anoxemia increase production of 
metabolites and similarly produce stimuli. The pathways of the pain were traced. 
Thi.s cardiac pain i.s helped by the usual rest, vasodilator drugs, and morpliiiio. 
Although total ablation of the thyroid reduces the work of the heart, it also tends 
to increase arterial degeneration and three-fourths of these case.s die of rupture 
of the aorta. Alcohol injections of the ganglia or e.xcision of the inferior 
cervical and first and second thoracic ganglia offer some relief of the pain. Estab- 
lishment of collateral circulation to the heart by muscle or omental transplants 
to the heart or by the establishment of an adhesive pericarditis has shown en- 
couraging results. 


Claude S. Beck, Cleveland, Ohio, pointed out that neither metabolites nor 
ano.xemia alone would produce cardiac pain, but together they would increase 
the pain, one augmenting the other. While general anoxemia was well tolerated, 
local ano.xemia was devastating to the heart. Experimentally, he found that 
simultaneous cervical sympatheetotuy with ligation of the left coronary artery 
reduced the mortality from .SO to 50 per cent, but that cervical symp.Tthoctoiiiy 
si,xteen days after ligation of the nrterie.s offered no protection. 


Arthur S. W. Toiiroff, Nen- York City: The Surgical Treatment of Patent 
Ductus Arteriosus Complicated by Subacute Bacterial Endocarditis. — Subnciito 
bacterial endocarditis is readily superimpo.sed in ca.ses of patent duetii.s arterio.siis. 
The infection is chiedy in the left -side of the heart on account of the higher 
oxygen content which alloiv.s better growth of the Streptococcu.i viriilaii.f. Thus, 
excision of the patent ductu.s may remove a foeus of infection and decre:i..;e the 
infection in the pulmonary artery by reducing the o.xygen ten.sion. 0;ieration in 
these cases is complicated bcc:iuse of the fact that the periarterifi.s u.sijally niiikes 
the ductus adherent to the pulmonary artery. Thi.s, together ivifh degenerative 
atheromatous plaques, makc.s the ductu.s frialde. Four ca.ses were re))orted; one 
atient has been free from all evidence of the original l.>sions for more than three 
moutlis- two died of hemorrlmge .and the fourth wa.s improved. 


g Poiley, Lq.s Ange!e.s. indicated that the risk of postponing operation 
*** f'uatent ductu.s arteriosus was greater than the risk of operation due to 
of the dcvchipment of subacute bacterial endocarditis. Ifo^vever. he 
he prob. , eases of subacute Iwcteria) endocarditis was of doubtful 

elt that opera infection had extended into the comis. He advocatiMl 

raluo since, as a forimal and pre.sentcd nine casi’S of diddrcn who 

>arly operation le ort b patent ductus .artcrio-us. In none of ilic-c nas 

n-ere well following . operation. J. W, Strietlcr, lioston. said that chemo- 

infection pre.^ent at the tmn 
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Evarts Graham, St. Louis, pointed out that, if the chest wall is not collapsed 
by thoracoplasty, a load is put on the opposite lung by a lobectomy. 

Leo Eloesser, San Francisco, found thoracoplasty disappointing in eases of 
bronchostenosis and pulmonary suppuration and preferred either drainage or 
lobectomy in these cases. He advised lower lobe lobectomy for bronchiectasis 
that developed after upper lobe thoracoplasty and indicated that most of these 
cases of bronchiectasis were probably not due to tuberculosis. 

J, J. Longacre and Ralph Johansen (by invitation), Cincinnati, Ohio; An Ex- 
perimental Study of the Fate of the Remaining Lung Following Total Pneu- 
monectomy. — Hyperplastic regeneration of the remaining lung following total 
removal of one lung occurs in young animals in contrast to the dilatation of the 
definite lobules occurring in adult animals. Following pneumonectomy, the cardio- 
respirator 3 ' reserve is out in half, sufSeient for rest and moderate exercise but in- 
adequate when these animals are subjected to strain. In nine to twelve months 
the cardiorespiratory reserve returns to 70 or 80 per cent of normal in the adult 
animals; whereas, in animals pneumoneetomiaed as puppies the return is 100 
per cent, showing that capacitj^ of the organism for further growth accounts for 
the difference in the anatomical changes and also the difference in function. In 
animals pneumonectomized as adults there was noted dilatation of the atria and 
the alveoli at the periphery' of the lung with some breaking of alveoli and 
elastic fibers causing emphj^sema. It was pointed out that thoracoplasty might 
prevent this dilatation in human beings subjected to pneumonectomies. 

Evarts Graham, St. Louis, indicated that thoracoplasty in cases of pneu- 
monectomj' would prevent kinking of the great vessels and the trachea to relieve 
discomfort and dyspnea. W. E. Adams, Chicago, studied the effect of paralysis of the 
diaphragm and thoracoplasty in animals having lobectomies and pneumonectomies. 
He found that there was less dyspnea in cases with section of the phrenic nerve. 
In one animal with both diaphragms paralyzed and bilateral lung resection, 
leaving but one lobe, he found a normal reaction to conditions simulating an 
ascent to 27,000 feet altitude. The animal did not lose consciousness. 

Chevalier L. Jackson and A. R. Judd (by invitation), Philadelphia: The Role 
of Bronchoscopy in the Treatment of Pulmonary Abscess. — The causes of lung 
abscess and the bacteriology of these abscesses were reviewed in a series of 137 
case.s. The role of bronchoscopy during several stages of lung abscess was in- 
dicated, First, as a prophjdactie measure lung abscess may be prevented by 
aspiration of material from the bronchus. Second, as a diagnostic measure 
bronchoscopy maj' aid in the differentiation of a tuberculous cavity bj- obtain- 
ing material for bacteriologic study and also maj^ identify a tumor in the bronchus 
as an etiologic agent. Third, during the acute stage bronchoscopic drainage may 
lead to spontaneous healing. It is emphasized, however, that bronchoscopic and 
so-called nonsurgical treatment should not be carried bej'ond the optimum time 
for the employment of some other procedure such as surgerj’. P. 0. Samson, Oak- 
land, Calif., stated that next to cancer lung abscess was the most fatal common dis- 
ease in the chest. He advised bronchoscopic examination of all cases e.xcept those 
complicated by hemorrhage or brain abscess. If improvement does not occur within 
a few days, surgical treatment should be used. The more chronic and the more putrid 
the abscess, the less likelj- it is to improve by bronchoscopic drainage. 

Paul W. Gebauer, Cleveland, Ohio: The Differentiation of Bronchiogenic 
Carcinomas.— Pathologically and clinically sniall-cell carcinoma, adenocarcinoma 
and .squamous-ccil carcinoma are the three fundamental tj-pes of bronchogenic 
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a small bronchial fistula as demonstrated by saline injection. However, this did 
not prolong the hospital stay. In these cases an average hospital staj’' was thirty 
days. By the individual ligation technique the danger of compression or en- 
croachment on the middle and upper lobe bronchi that occasionally obtains when 
mass ligation of the lobe or hilum is carried out may be avoided. 

Harold Brunn, San Braucisco, pointed out that nia.ss ligation of the lobe or 
hilum wms not clean surgery and that, if the condition of the patient permitted, 
the individual ligation technique should be used. He felt that formation of adhe- 
sions to the upper lobe as a preliminary procedure to the operation made the post- 
operative course easier. E, M. Janes, Toronto, Ontario, pointed out that failure of 
the middle and upper lobes to e-xpand after lower lobe lobectomy may be ac- 
counted for by encroachment on these bronchi occurring when mass ligation of 
the hilum is used. 


J, J. Singer, John 0. Jones, and H. J. Tragerman (by invitation), Los Angeles: 
Aseptic Pleural Adhesions Experimentally Produced.— In this study by injecting 
various substances in the pleural spaces of rabbits aseptic adhesions were successfully 
produced. The best results were obtained using iodized talc in saline solution. 
By this method the saline was readily absorbed and left an even deposit of talc. 
The adhesions produced were particularly effective in the fi.xation of the medias- 
tinum which represents the most vulnerable area of infection following lobectomy. 
It was pointed out that the risk of thoracic surgery is reduced by the preliminary 
treatment of the pleura by this method. 


Clarence Bird, Louisville, Ky., injecting silicon into the pleural cavity, found 
that more effective adhesions were formed if a phrenicectomy had been performed 
and if the pleural cavity was kept dry. Cameron Haight, Ann Arbor, Alich., used 
iodized talc to make adhesions prior to lobectomy. He advised using a minimum 
amount of the powder, just sufficient to produce a sheen over the surface. If too 
much powder is used, it collects in masses. E. J. Tragerman, Los Angeles, indicated 
that the adhesions probably were not as important as tbe inflammatory blocking of 
the lymphatics. 


Prank S. Bolley and John Jones, Lo.s Angelc.s; Experiences With Lobectomy 
and Pneumonectomy in Pulmonary Tuberculosis. — In this paper seven ca.scs wore 
reported, four total pneumonectomies and three lobectomie.s. Of the four cases of 
pneumonectomy two are dead and two are dying with contralateral .spread, while 
the three cases of lobectomy arc still alive and well. Preliminary tlioracoplii.sty 
with apicolysis was advised to improve the preoperative condition. Tlioracojila.sty 
also obviates the need for obliteration of the dead space following pnciimoncctomy 
L^tobcctomy. Individual ligation of the hilus, catheter suction of tlic tra.'l.ca, 
and minimal handling of the lung rvere advi.sed. If the lung is adherent, ligation 
f the hilus should be done as the fir.st -step to prevent contralateral spread by 
° Illation of the infection. It is important to make tlic p;iticnt cough post 
operatively to get rid of secretions. 

, Arbor. Mich., reported c!i,-.c,s of brondio-stcnosis treated by 

John results. lio pointed out that in some ca.se.s the .stenosis n.ight 

thoracophistj i" t » . tUoracopIa.sty prior to lobeeioiny would be d.'ingerons. 

be so small that a pr*. (g tuberculosis cannot be entirely rennned by 

If ulcerative tracheo r ^ He reported one pneumonectomy and two 
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Evaits GraUam, St. Louis, pointed out that, if the chest wall is not collapsed 
by thoracoplasty, a load is put on the opposite lung by a lobectomy. 

Leo Eloesser, San Francisco, found thoracoplasty disappointing in cases of 
bronchostenosis and pulmonary suppuration and preferred either drainage or 
lobectomy in these eases. He advised lower lobe lobectomy for bronchiectasis 
that developed after upper lobe thoracoplasty and indicated that most of these 
cases of bronchiectasis were probably not due to tuberculosis. 

J. J. Longacre and Ralph Johanson (by invitation), Cincinnati, Ohio: An Ex- 
perimental Study of the Fate of the Remaining Lung Following Total Pneu- 
monectomy. — Hyperplastic regeneration of the remaining lung following total 
removal of one lung occurs in young animals in contrast to the dilatation of the 
definite lobules occurring in adult animals. Following pneumonectomy, the cardio- 
respiratorjf reserve is cut in half, sufficient for rest and moderate exercise but in- 
adequate when the.se animals are subjected to strain. In nine to twelve months 
the cardiorespiratory reserve returns to 70 or 80 per cent of normal in the adult 
animals; whereas, in animals pneumonectomized as puppies the return is 100 
per cent, showing that capacity of the organism for further growth accounts for 
the difference in the anatomical changes and also the difference in function. In 
animals pneumonectomized as adults there was noted dilatation of the atria and 
the alveoli at the periphery of the lung with some breaking of alveoli and 
elastic fibers causing emphysema. It was pointed out that thoracoplasty might 
prevent this dilatation in human beings subjected to pneumonectomies. 

Evarts Graham, St. Louis, indicated that thoracoplasty in cases of pneu- 
monectomy would prevent kinking of the great vessels and the trachea to relieve 
discomfort and dyspnea. W. E. Adams, Chicago, studied the effect of paralysis of the 
diaphragm and thoracoplasty in animals having lobectomies and pneumonectomies. 
He found that there w'as less dyspnea in cases with section of the phrenic nerve. 
In one animal with both diaphragms paralj^zed and bilateral lung resection, 
leaving but one lobe, he found a normal reaction to conditions simulating an 
ascent to 27,000 feet altitude. The animal did not lose consciousness. 

Chevalier L, Jackson and A. R. Judd (by invitation), Philadelphia: The Role 
of Bronchoscopy in the Treatment of Pulmonary Abscess. — The causes of lung 
abscess and the bacteriology of these abscesses were reviewed in a series of 137 
case.s. The role of bronchoscopy during several stages of lung abscess was in- 
dicated. First, as a prophylactic measure lung abscess may be prevented by 
aspiration of material from the bronchus. Second, as a diagnostic measure 
bronchoscopy may aid in the differentiation of a tuberculous cavity by obtain- 
ing material for baeteriologic study and also may identify a tumor in the bronchus 
as an etiologic agent. Third, during the acute stage bronchoscopic drainage may 
lead to spontaneous healing. It is emphasized, however, that bronchoscopic and 
so-called nonsurgical treatment should not be carried beyond the optimum time 
for the employment of some other procedure such as surgery. F. C. Samson Oak- 
land, Calif., stated that next to cancer lung abscess was the most fatal common dis- 
ease in the chest. Ho advised bronchoscopic examination of all cases except those 
complicated by hemorrhage Or brain abscess. If improvement does not occur \ritliiii 
a few days, surgical treatment should be used. Tlie more chronic and the more putrid 
tiie abscess, the less likely it is to improve by bronchoscopic drainage. 

Paul W. Gebauer, Cleveland. Ohio: The Differentiation of Btouchioeen c 
Carcinomas.— -Pathologically and clinically small-cell carcinoma, adenoearcin 
and .squumous-cell carcinoma are the three fundamental types of bronchogenffi 
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cancer. The differences of these types early in the course of the disease some- 
times permit their distinction by combined clinical, radiologic, and bronchoscopic 
investigations. Late in the disease this is true in approximately 60 per cent of 
cases. Bronchoscopy will be negative in 40 or 50 per cent of cases if performed 
at the on.set of symptoms. When negative, it should bo supplemented by other 
biologic, endoscopic, and radiographic diagnostic methods until the cause for 
symptoms is known. The impression that clinical symptoms tend to occur earlv, 
when the tumor is in an operable state, has been gained from this study. There- 
fore, it is felt that if the diagnosis is made early and there is the proper selection 
of operative material, surgical treatment will gain a respectable position in 
therapeusis. 


Evarts (rraham, St. Louis, in discussion, stated that squamous-cell carcinomas 
of the bronchi are a delinite group, but it is impossible to differentiate the small- 
cell carcinomas and adenocarcinomas, since these varied depending on the por- 
tion of the tumor examined. Small-cell carcinomas, adenocarcinomas, and the 
adenomas probably arise from remnants of fetal bronchial .bnds. The adenomas, 
he said, were potentially malignant and should not be removed locally. Alfred 
Goldman, San Francisco, found one case in fifty adenomas that metastasized; fifteen 
cases having a fifteen-year history showed no evidence of metastasis, the growth be- 
ing by local extension. 


Henry K. Beecher (by invitation), Boston: Controversial Points in Anesthesia 
for Thoracic Surgery. — Of the anesthetic agents, Beeelier advised using ether since 
it could bo used with 9G per cent oxygen; whereas, cyclopropane wn.s used with 75 
per cent o.xygen. Cyclopropane may be toxic to cells, interfering with oxygen 
use. To.vic cardiac effects are noticed after the n.se of cyclopropane for one hour; 
the pulse rate increases and the blood pre.s.sure drop.s. Ether is well tolerated with 
circulatory impairment and that it i.s irritating is of no importance since it does 
not affect the mortality or morbidity in his experience. The objections to spinal 
anesthesia wore the (1) inability to a.spirato secretions from the trachea, (dl 
inabilitv to give po.sitivo pressure effectively, (;!) tendency to .supprc.s.s cough, 
and (4) greater mortality with its use. In many cases an intratracheal tube 
is important because it offers an open airw.-iy for positive pressure and for aspira- 
tion of sputum. He felt that it was contraindicated in cases of pulmonary tiiher- 
culosis. Endobronchial catheters in ane.sthe.sia offer technical difiicultics and may 
come out at inopportune times. The inllatabie cull' on intratracheal catheters 
was criticized as uuneces.sary and in the pre.senee of a gush of i>us or blood might 
cause spillage of contents into the other .side, which otherwise would come up 
alongside the tube. iMechani.sms for controlled respirations were considered 
inadvisable and unnecessary. 


H E Becker, Pittsburgh, .strc.ssed the use of local anesthesia snpplenionted 
1,. ,.'veInDrODane’or bv sodium pentothal. Ho avoided the use of ether in .•••ises 
of oLZarv tuberculosis. G. 33- Liudskog. Xow Haven, Conn., favored the nse 
c ^ -ertin and intratracheal cyclopropane, using nitrous oxide anesthesia if local 
. ' , „ iaadeouate when cautery was to ho used. Ho pointed out 

s'T, ™ ■“ •'» 

Tf Gray and L C- Skinner (by invitation), Rochester, .Minn.; The 
Howard H- y Cardlosparm.— In over 1,200 cases of cardiospasm seen 
Operative Tiea m jjjjojjg for the relief of cardio.spasm were performed only 

at the ila.vo CUnic, reported. Jfikulicz’ operation of inannnl diiata- 

seven times. These c.u times, e.sophagogastrosloiny one time, 

tion of the cardia was abdominal .^ynipatheeioaiy com- 

thoracocervical syn.pathectom) 
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bined with manual dilatation of the eardia one time. In cases in which the 
esophagus is markedly dilated, lengthened, and tortuous (sigmoid esophagus) 
with the development of a reservoir below' the opening of the eardia, surgery 
at times will be found necessar 3 '. The technique of abdominal esophagogastros- 
tomj' was illustrated and the case reported. ~ - 

H. X Moersch, Eochester, Minn.: The Injection Treatment of. Esophageal 
Varices. — A case of esophageal varices successfully injected with a sclerosing 
solution through an esophagoscope was reported. A review of the various, treat- 
ments used for esophageal varices w’as presented. Sincexfatal gastrointestinal 
hemorrhage occurs in SO per cent of all esophageal varices and 50 per cent of all 
cases of cirrhosis of the liver die of hemorrhage, some method of therapy in these 
cases is highly desirable. 

Alton Ochsner and (bj' invitation) Michael Dehakey and Samuel Murray, 
New Orleans, La.: Surgical Aspects of Carcinoma of the Esophagus. — Three cases 
of carcinoma of the esophagus operated upon bj' the authors were reported. One 
patient with carcinoma of the esophagus in whom an excision of the lesion and 
an esophagogastrostomj' was performed lived over one j'ear with no evidence 
of recurrence. A transthoracic approach was used removing the left eighth rib, 
crushing the phrenic nerve and opening the diaphragm. A wide resection of the 
stomach was carried out. The most desirable procedures for lesions at various 
levels in the esophagus w'ere considered and illustrated. 

B. Noland Carter and (bj- invitation) Jean Stevenson and Osier Abbott, Cin- 
cinnati, Ohio: Esophagogastrostomy. An Experimental Study. — Two successful 
cases of esophagogastrostomy were reported. Clinically the chief danger of 
esophagogastrostomy is leakage at the line of suture and this is most commonly 
due to tension. A method to obviate tension on the anastomosis has been devised. 
This consists of anchoring both the stomach and the esophagus to the periosteum 
of nearby ribs and vertebral bodies. A second complication of stricture at the 
.site of an anastomosis may be avoided by making the anastomosis to a circular 
hole in the stomach. This was indicated by experimental work. 
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A Manual of Otology, Ehiuology, and Laryngology. By Howard C. Ballenger, As- 
sistant Professor of Otolaryngology, jN'orthwestern University School of Hedi- 
cine. Pp. 302, with 90 illustrations and 4 color plates. Philadelphia, 19-10, Pea 
and Pebiger, $3.75. 

This manual is intended for the undergr.adiiate medical student. It is a con- 
densed version of the well-known Ballenger TexthooTc on Diseases of the Nose, 
Throat and Ear, the .seventh edition of w-hich appeared in 393S. Dr. Howard 
Ballenger was the junior author of that text which was written originally by 
Dr. William L. Ballenger. 

The manual is a little less than one-third the length of tho textbook. Its pur- 
pose is to emphasize anatomy, etiology, symptoms, and diagnosis. Surgical tech- 
nique is omitted. A chapter on bronchoscopy which appeared in tho textbook is 
entirely omitted. 

The subject material is dealt with in four parts. The nose and accessory 
sinuses are treated in eleven chapters which are covered in SO pages; the pharynx 
and fauces are covered in five chapters totaling 134 pages; diseases of tho laryn.x 
receive six chapters of 34 pages; and the ear is treated in thirteen chapters of 
131 pages. 

There have been few manuals of this type available to undergraduate students. 
Consequently, this edition helps to supply a need. It is well written and il- 
lustrated and emphasizes tho essentials which should be tho basic part of under- 
graduate instruction. 


Orthopedic Operations (Indications, Technique and End Besults). By A. Steiiidlor. 
Pp 766, with 323 illustrations. Springfield, HI., 1940, Charles C. Thomas, Pub- 
lisher. $9. 


The book is divided into three portions. The iirst, on gencr.al biological and 
clinical topics pertaining to orthopedic operations, compri.scs 66 pages and includes 
30 maes devoted to operative approaches to bones and joints. The second section 
305 m"B 3 is devoted to descriptions of the technique of various orthopedic op- 
erations a°nd comprises twelve chaptor.s. It includes .surgery of tondomi, tasmal 
and limameatous surgery, surgery of bones, joints and nerves, skin, and the spine. 
\moutations are included in the section on tho .surgery of bones. 

Xe third section is devoted to the indications for .speeilic operations and end 
, ^ “ i ' ...^rious orthopedic condition.s. Thi.s includes nine chapter.^ which arc 

results 1 ' ita] dcformitic.s traumatic and c.m.stitiitioiial detonmtio.s, iii- 

devoted to CO g artliriti.s, disturbances of the nervoms sy.stem, do- 

a„,u.»rr 

generative bone O • „,tp„ricnce of the author’s clinic at the rmver.s.ty of 

The book is base‘ porlioim .statisties are given a.s to tho 

Iowa and m bota operative proeednre.s. The.se re.siilt.s 

results obtained ^ In the third .seetioa .similar .stiiti.stics tiro 

•irG cla^SCtl ^ \ . .. nf 


"°'’‘u^*"bfi'incd by the operative treatment of .-.peci/ic condition.s. 
•ea as to the results o - l,.,>kino un of hi.slorie.s and this work 


iiieu o;> v..,. 

given as to tne lo....- amount of looking up of hi.slone.s and tin-, work 

These statistics ‘ . ^ author's .student.s and as.dstant.s. However, it 

have been done oj 


appears to such bate .'•tatisties are of relatively litt/e va/ue. 
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In Section 3 reference is made to the operative procedures in Section 2. Un- 
fortunately, in these references to the operative procedure the page is not given, 
but one is referred back to Part 3, Chapter X, etc., as the case might be, and 
it is troublesome to look up the operative technique. Likewise, in the description 
of the operative technique in Part 2 one is referred back to Part 1 for a descrip- 
tion of the operative incision. 

It is thus evident that this is not an extensive operative surgery, because, in 
attempting to cover both the operative technique and the indications for specittc 
operations in the various orthopedic conditions, the author has devoted more than 
one-half of the book to the latter and has limited the part of the book on op- 
erative technique to approximately 300 pages. Naturally, many operations are 
omitted. In the preface the author states that this is not because these operations 
were not known to him, but because their validity did not impress itself suffi- 
ciently upon him. Most orthopedic surgeons will differ with any other orthopedic 
surgeon as to what operations are worthy of inclusion in a book, the title of 
which is Orthopedic Operations, because they all have their preferences. 

The book is rather sparsely illustrated, there being 322 illustrations, of which 
only 100 are included in Part 2, which is devoted to operative technique. The 
illustrations in Part 2 are mostly original drawings and are clear and illustrate 
the point which they are intended to conve 3 ', although, for the most part, they 
are rather sketchy as to the anatomy of the region. The same is true of the 
description of the various operations. It is believed that in a book of this sort 
the technique of the various procedures should be described in detail and that 
the difficulties which maj' be encountered should be riientioned so that a competent 
surgeon maj' be in a position to perform a given operation after he has read its 
description. However, if the surgeon has the time and access to a good medical 
librarj' he can look up the detailed description of the various procedures -which 
are mentioned, because the value of the book is enhanced bj^ a list of references 
which is placed at the end of each chapter. 

On the whole this is a very valuable and full record of Dr. Steindler's work at 
Iowa City. For this reason it will be welcomed bj^ American orthopedic surgeons. 


Chronic Diseases of the Abdomen. A Diagnostic System. By C, Jennings 
Marshall. Cloth. Pp. 217, with 131 illustrations. Boston, 1939, Little Brown & 
Company. $6. 


This book of 217 pages presents a plan of study of the chronic diseases which 
occur witliin the abdomen, witli a consideration of the symptomatology' of diseases 
outside of the abdomen which mast be differentiated from abdominal disease. The 
work is divided into two parts. Part I covers IS pages and is devoted to methods 
of diagnosis. Differential diagnosis is considered in Part II, which fills the re- 
mainder of the book. The value of the book lies chiefly in the second part, although 
■some important diagnostic methods are described in the first part. The differential 
diagnosis of chronic abdominal disease is approached with pain as the guidino 
symptom. At first the dise.ascs which may cause general, vague, and midabdominal 
pain arc considered. Following this tbe possibilities of disease in all sections of the 
abdomen and back arc considered when pain is a symptom in each locality. All of 
these are thorouglily discussed. 


At the end of the book several pages are .levoted to signs and symptoms which 
may or may not be associated tvith pain. These are hematemesis, ascites variations 
m np(>etite, W of weight, jaundice, chronic diarrhea, hematuria, vomiting nvrexia 
in uhdoimnal disease, and abdominal tumor. 
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The Surgery of Injury and Plastic Repair Work. By Samuel Fomon, M.D, Cloth. 

Pp. 1,109, with 925 illustrations. Baltimore, 1939, Williams and Wilkins Co. $15. 

This is in many respects a remarkable book. The first 500 pages are devoted to 
the general considerations of operative technique, tissue transplantation, wounds, 
burns, fluid and electrolyte requirements of the surgical patient, shock, anesthesia 
and pre- and postoperative management. The remaining 900 pages deal with 
special chapters of what is commonly described as plastic surgery. 

The general surgical consideration which precedes the accounts peculiar to re- 
constructive surgery in the various regions is particularly good and complete. 
This reviewer feels constrained to say it is the best account of surgical principles 
that he has found in a treatise dealing with a special province of surgery. If 
this book is a reflection of the plastic surgeon’s interest in the general principles 
of surgery, one may ask with justiflcation, is the p]a.stic surgeon to become the 
general surgeon of tomorrovr, entrusted with the responsibility of carrying on the 
traditions and teachings of general surgery? 

The historical accounts in many of the chapters are unusually good and com- 
plete. This reviewer would have anticipated finding in a book of this standard 
of excellence a more complete discussion of the microscopic aspects of wound 
healing, including consideration of ligatures and strengths of the coaptated tissues 
at various phases in the healing period. The plastic procedures of genitourinary, 
gynecologic, intestinal, and orthopedic surgery are not described. A valid eriti- 
ci.sm which with all fairness may be leveled against the text is lack of uniform- 
ity in illustrations. Though the text is illustrated generously, in the main, the 
illustrations are not of the quality which one would anticipate finding in a text of 
plastic surgerj'. 

A well-selected bibliography accompanies each chapter and a useful bibli- 
ography completes the text. The book may be recommended as a useful source 
book to both elementary and advanced students of surgery. 


Fractures and Other Bone and. Joint Injuries. By B. Watsou-Jones, B.Se., M.Ch., 

Orth., F.E.C.S. Cloth. Pp. 723, with 1,040 illustrations. Baltimore, 1940. 

Williams & Wilkins Co. $13.50. 

This book of 723 pages covers in a comprehensive and unusually clean-cut way 
the subject of injuries to the bones and joints. It is divided into six. parts. In 
Part I the reiwir of fractures, delayed and nonunion, adhesions and joint stiff- 
ness, soft ti.ssue, vascular and nerve injuries complicating fractures, clinical and 
radiologic diagnosis, the reduction and immobilization of fractures, and open and 
infected fractures are discussed. This section is perhaps the most outstanding 
in the book ami abounds in facts and information of fundamental importance. 
Pathologic and birth fractures comprise Part II. Injuries of the head and trunk 
with special emphasis on fractures of the spine and head, are discussed in Part 
III. This section of the book is also outstanding by reason of the lucid manner in 
which the material it contains is presented. Part IV takes up injuries of the upper 
limb, and Part V, injuries of the lower limb. While the material in these sec- 
tions is excellently presented, they contain little that is new; unfortunately 
internal fixation as a method of treatment in fractures of the extremities is 
largely ignored. The discussion of new and unusual cases in Part VI is intere t 
ii.g hut does not add greatly to the value of the book. The appendix, which offers 
a plan of organwatvoa of a fracture service, contains some very valuable suggestions 
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iuid is worthy of careful study by tlws* mteveatetl in organized fracture treat- 
ment. The judo.x of authors and a general index provide a comprehensive bibli- 
ography of present-day fracture treatment. 

Throughout the book, adequate immobilization of fractures, the necessity of avoid- 
ing unnecessarily immobilizing adjacent joints, the importance of active use in 
restoring function, and the inetFeetiveness and harm of passive motion are con- 
stantly emphasized. The soundness of the views expressed cannot be questioned, and 
the precepts laid down are worthy of wide dissemination among those interested in 
fracture treatmout. 

The subject matter throughout is presented in a clear, concise manner and leaves 
no doubt in the mind of the reader as to what the autiior intended to express. This 
is true to an unusual degree. The illustrations and the x-ray reproductions are 
excellent and numerous and illustrate the text splendidly. 

As a treatise on the nonoperative nian-agement of fractures and joint injuries, 
this book is important in a day when nearly every boolc on fracture treatment 
deals so largely with open reduction and the use of internal fixation. It is for this 
reason as well as the soundness of the principles it emphasizes that this book can be 
highly recommended as an excellent addition to the library of anyone interested in 
fracture treatment. 


Bie Cliirurgie des praktischen Arztes unter besonderer Berucksichtigung der 
kleinen Chirurgie und der dringUcUeu Chirurgie. By Erich Sonntag. Ed, 2, 
Pp. 1,016, with 780 illustrations. Leipzig, 193D, Georg Thieme. 46 marks. 

This is a textbook of general surgery w-ritten primarily for the students and 
practicing physicians of Germany. The book is divided in t^vo parts, the first of 
which, comprising almost one-half of the text, is concerned with surgical principles 
and fundamentals, such as asepsis, anesthesia, hemorrJiage, infections, and wound 
healing. The second half is devoted to surgical affections of various organs and 
is arranged in classical regional style beginning with the head and ending with 
the feet; About thirty pages at the end of the book are devoted to various drugs 
used in surgery. 

The minor surgical procedures are well presented, but the author has made little 
attempt to include many recent advances in major surgical affections. Thus, for 
example, decompression by suction applied to an inlying duodenal tube is not even 
mention^ in the treatment of intestinal obstruction. In the discussion of para- 
sitic diseases the author’s statement regarding the transmission of Taenia solium 
is not in accordance with accepted facts. In the chapter on diseases of the liver the 
•moortant subject of amoebic abscess is merely mentioned. However, the book may 
be readily recommended to the student as a manual of minor surgery. It is con- 
cisely written and the numerous illustrations are well reproduced. 


Obstetrics. By Jennings C. Litzenberg, M.B., P.A.C.S. Pp. 370, with 

Uo,.f little volume of 376 pages and 157 illustrations, including 5 in 

T trtilv recommended as an introduction to obstetrics, 
color, 13 heitrti y material is extremely good and is presented m a very 

The orgamzatjon ^ ^ manner. Despite the fact that the volume is a 

clear, concise, and i ^ valuable material is included which cannot bo foun<l 

synopsis, a large textbooks. 

in larger and more v author’s well-founded conservatism is reflected. 

Throughout this volume, > materially enhance the value of this volume. 

The illustrations are good an« 
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Trank Howard Lakey Birtkday VoUime, June 1, 1940. By many autliors. Clotk. 

Bp. 466^ witli 68 illustrations. Springfield, 111., 1940. Cliarles G. Tkomas, 

Publisher. 

On the anniversary of his sixtieth birthdays, a number of friends and colleagues 
contributed this collection of essays, about fifty in number, to do honor to one of 
America’s versatile surgeons who has become widely known. The essays embrace 
a wide variety of subjects. The majority of the papers, however, concern well- 
known interests of Dr. Lahey; namely, surgical aspects of diseases of the stomach 
and duodenum, colon, biliary tract, and the thyroid gland. 

Two of the papers are of unusual interest. One of these, under the author- 
ship of Aaron and Murphy, of Buffalo, describes the gastroscopic reappearance of 
a normal gastric mucosa in patients having pernicious anemia and an atrophic 
gastric mucosa, following treatment with liver extract. The other, a paper writ- 
ten by Ivy, of Chicago, under the title of “ Gastro-Intestinal Hormones,” de- 
scribes very briefly a new hormone which Ivy designates as urogastrone, a sub- 
stance recovered from male and female urine, which on intravenous injection 
inhibits the gastric secretory response to histamine. 

Ten papers in the volume concern themselves with varying aspects of the ulcer 
problem. The divergence of views expressed in these papers is striking and sug- 
gests how unsettled the problem is. 


A Textbook of Bacteriology. By Hans Zinsser, kl.I)., and Stanhope Bayne-Jones, 

M.D. Ed. 8. Cloth. Pp, 990, with 115 illustrations. New York, 1939, D. 

Appleton-Century Co. $8. 

Since its first appearance in 1910, this book has gone through eight editions. 
New developments in bacteriology and immunity have necessitated the inclusion 
of much new material and the revision of old. In many respects, therefore, this 
eighth edition is a new book as compared w-ith the seventh edition of 1934. 

Intended primarily for undergraduate students of medicine, the book at the 
same time should have a wide appeal to practitioners of medicine. Much of the 
subject matter is taken up with tlie morphology of bacteria, classification, the 
properties of bacteria and the effect of physical and chemical agents on bacteria. 
There is much material of a decidedly practical nature in the book, of particular 
interest to those whose function it is to apply in practice the principles of bac- 
teriology and immunity. The introductory chapter ou the history of bacteriology 
is especially deserving of mention. The book is well written and the subject 
matter has been subdivided carefully on a well-ordered plan. The collaboration 
of the two well-known Professors of Bacteriology, Zirisser and Bayne-Jones from 
the medical schools of Harvard and Yale Universities, has produced an excellent 
and authoritative text. 


Treatment of War Wounds and Tractures, With Special Eeference to the Closed 
Method as Used in the War in Spain. By J. Trueta, M.D. Foreword by 
H. Wiiinett Orr, yt.D. Cloth. Pp. 14S, with 48 illustrations. New York 1940 
Paul B. Hoeber, Inc, $2..50. ’ ' 

This snuili monograph presents a summary of the author’s experience in the 
treatment of war wounds in the recent Civil War in Spain. The book contains an 
excellent historical account of the development of the treatment of open wounds 
of the extremities by immobilization in casts of plaster of Paris. Special con- 
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siiieratioii is "ivoa the techiiical iktails o£ the management of injuries iuvo!viii-» 
the various bones and joints of each extremity. Tlie book can be recommended m 
an important contribution to the importance of immobilizarion in the management 
of injuries of the extremities. 


Artificial Pneumothorax; Its Practical Application in the Treatment of Pulmonary 
Tuberculosis. Edited by Edward X. Packard, il.D., .Tohu X. Hayes, JIJD., and 
Sidney P. Bianciiot, M.D. Foreword by E. E. Baldwin, M.D. Cloth, Pp. 300, 
with So illustrations. Philadelphia, 1040, Lea and Febiger. $4. 

Soventecu Saranac Lake physicians have collaborateil to produce this 300 page 
monograph. It is essentially a recital of the personal exjierieiice and opinions of 
the authors as to the value of artificial pneumothorax in the treatment of pulmonary 
tuberculosis. This in itself is enough to eommend the book to all who are inter- 
ested in tlie treatment of tuberenlosis. The text lias been amplified with So illus- 
trations and 33 statistical tables. Many of the photographs are of x-ray films luid 
are unusually good. The prosent-d.ay status of pneumothorax treatment in .all its 
phases has been creditably summarized. There is nothing new. Controversial 
points are presented from an objective viewpoint. Extensive bibliographies are 
found at tlie end of each chapter which enhance the value of the book. Chapters 
on the selection of cases and tlie complications of puemiiothorax will prove of con- 
siderable lielp and guidance for the physician who treats patients with pulmonary 
tuberculosis, 


Biochemistry of Disease, By Meyer Bodansky, M.D., and Oscar Bodausky, MJ). 

Xew York, 1940, The .Macmillan Co. 

This work is of particular interest for the clinician, because biochemistry, al- 
though considered in every detail, is taken up only from the standpoint of clinical 
application. Frequently a cliulciau is lost in the maze of biochemistry, but in this 
book the manner of discussing the biochemical disturbances in various diseases is so 
well and clearly done that the eliuician will have little ditficulty in understanding it. 
In the chapter on ‘‘Diseases of the Blood” the anemias are discus-'Cil and definetl 
with elaboration upon the various types of clinical eoudirions associated with anemia, 
such as hemolytic anemia, hemolytic jaundice, sickle-cell .anemia, paroxysmal hemo- 
fflobiiiuria, etc., as well as the other bettor known forms of anemia. Metabolism 
fn anemia is also discussed, as is the Wood chemistry. In each way the biochemical 
aspects of different systems of the body are discussed, such as diseases of the heart, 
the respiratorv tract, the kidneys, the urinary tract, the digestive tract, and so on. 
\I rupliention of biochemistrv to obstetric.al and gynecological conditions and 
'the biochemical aspects of neurological and psychiatric disorders are discusscil 
mi « u,ink is characterized hy its distinct clinical application which is ot niestimabh 
to the clinician and also by the splendid bibliography which follows each 

chapter. 
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Original Communications 


Symposium on Carcinoma of the Lung 


MORPHOLOGIC ASPECTS OF CARCINOMA OF THE LUNG 

Bela Halpert, M.D., New Orleans, La. 

(From the Departments of Pathology and Bacteriology of Charity Hospital of 
Louisiana at New Orleans and the Louisiana State dniversity School of Medicine) 

jV/f ANY recent contributions emphasize the importance of carcinoma 
of the lung as a clinical problem. From them it is evident that 
during the past two decades the number of patients with this condition 
has increased alarmingly, that the clinical methods of recognition have 
been improved, and that many laudable attempts have been made to 
alleviate it. The reason for the increased incidence is still unknown. 
It seems likely, however, that changed environmental conditions, newly 
acquired habits, and the increase in the number of persons reaching 
late middle life and old age have something to do both with the eau.se 
of the disease and with the increase in its incidence. With the ample 
opportunities available for the study of carcinoma of the lung at 
neerop.s 3 q more information can be gathered about the relative fre- 
quency, the race, sex, and age incidence, tlie sites of occurrence, the 
gross appearance, the probable cellular origin, the cellular structure, 
and the mode of spread of these growths. Such information is perhaps 
the safest guide to the early recognition and rational treatment of car- 
cinoma of the lung, as it is of carcinomas arising elsewhere. 

Relative Frequency . — Recent surveys of malignant neopla.sms in the 
necropsy material of Charity Hospital of Louisiana at New Orleans bv 
Ogden, Pearson, D ’Annoy, and IlalperP'* disclosed tiie following per- 
tinent data: Among 7,433 necrop.sies on individuals over 1 yeal- old 
which were performed between .Jan. 1, 1931, and June 30, 1939 there 
were 92 cases of carcinoma of the lung, 169 cases of carcinoma of the 
stomach, .oO ca.ses of carcinoma of the pancreas, and .56 ca.ses of car 

Tn tile Charity Hospital necrop.sy. mate- 

Huculvcl for publle.'Ulon. Pobru.Trj- 12. 1010. 

003 
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suleriition IS given t!ie teehnieal details of the management of injuries involving 
the various bones and joints of each extremity. The book can be recommended as 
an important contribution to the importance of immobilization in the management 
of injurio.s of the extremities. 


Artificial Pneumothorax; Its Practical Application in the Treatment of Pulmonary 
Tuherculosis. Edited by Edward N. Packard, M.D., John E. Hayes, M.D., and 
Sidney E. Blanehet, M.D. Foreword by E. B. Baldwin, M.D. Cloth. Pp. 300, 
with S5 illustratioms. Philadelphia, 1940, Lea and Febiger. $4. 

Seventeen Saranac Lake physicians have collaborated to produce this 300 page 
monograph. It is essentially a recital of the personal experience and opinions of 
the authors as to the value of artificial pneumothorax in the treatment of pulmonary 
tuberculosis. This in itself is enough to commend the book to all who are inter- 
ested ill the treatment of tuberculosis. The text iias been amplified with 85 illus- 
trations and 33 statistical tables. Many of the pliotograplis are of x-ray films and 
are unusually good. The present-day status of pneumothorax treatment in all its 
phases has been creditably summarized. There is nothing new. Controversial 
points are presented from an objective viewpoint. Extensive bibliographies are 
found at the end of each cliapter wliioh enhance the value of the book. Chapters 
on the selection of eases and tlie complications of pneumothorax will prove of con- 
siderable help and guidance for the physician who treats patients with pulmonary 
tuberculosis. 


Biochemistry of Disease. By Meyer Bodansky, M.D., and Oscar Bodaiisky, M.D. 

New York, 1940, Tlie Macmillan Co. 

This work is of particular interest for the clinician, because biochemistry, al- 
thougii considered in every detail, is taken up only from tlie standpoint of clinical 
application. Frequently a clinician is lost in the maze of bioelieniiatry, but in this 
book tlie manner of discus.sing the biochemical di.sturbances in various diseases is so 
well and clearly done that the clinician will have little difllculty in understanding it. 
In the chapter on “Diseases of the Blood’’ the anemias are discussed and defined 
with elaboration upon the various types of clinical conditions associated with anemia, 
such as Iieniolytie anemia, hemolytic jaundice, sickle-cell anemia, paro.xysmal liemo- 
globinuria, etc., as well as the other better known forms of anemia. Metabolism 
in anemi<Via also discussed, as is the blood chemistry. In each way the biochemical 
■isnects of different systems of the body are discussed, such as diseases of the heart, 
the respiratory tract, the kidneys, the urinary tract, the digestive tract, and so on. 

n application of biochemistry to obstetrical and gynecological conditions and 
L biochemical aspects of neurological and psychiatric disorders arc di.scussed. 
The book is characterized by its distinct clinical application wliich is of inestimable 
value to the clinician and also by the splendid bibliography which follows each 

chapter. 
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Symposium on Carcinoma of the Lung 


MORPHOLOGIC ASPECTS OF CARCINOMA OF THE LUNG 

Bela Halpert, M.D., New Orleans, La. 

(From the Departments of Pathology and Bacteriology of Charity Hospital of 
Louisiana at Hem Orleans and the Louisiana State Oniversity School of Medicine) 

jV/I ANY recent contributions emphasize the importance of carcinoma 
’ of the lung as a clinical problem. From them it is evident that 
during the past two decades the number of patients with this condition 
has increased alarmingly, that the clinical methods of recognition have 
been improved, and that many laudable attempts have been made to 
alleviate it. The reason for the increased incidence is still unknown. 
It seems likely, however, that changed environmental conditions, newly 
acquired habits, and the increase in the number of persons reaching 
late middle life and old age liave something to do both with the cause 
of the disease and with the increase in its incidence. With the ample 
opportunities available for the study of carcinoma of the kmg at 
necropsy, more information can be gathered about the relative fre- 
quency, the race, sex, and age incidence, the sites of occurrence, the 
gross appearance, the probable cellular origiii, tlie cellular structure, 
and the mode of spread of these growtlis. Such information is perhaps 
the safest guide to the earlj^ recognition and rational treatment of car- 
cinoma of the lung, as it is of carcinomas arising elsewhere. 

Relative Frequency . — Recent surveys of malignant neoplasms in the 
necropsy material of Charity Hospital of Louisiana at New Orleans by 
Ogden, Pearson, D ’Annoy, and Halpcrt^'^ disclosed the following per- 
tinent data; Among 7,133 necropsies on individuals over 1 year old 
which were performed between Jan. 1, 1931, and June 30, 1939 there 
were 92 ca.ses of carcinoma of the lung, 169 cases of carcinoma ’of the 
stomach, oO cases of carcinoma of tlie pancreas, and 56 cases of car 

the Charity Hospital necropsy, mate- 

neculVL’d for publication, February 12. toio. 
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rial, therefore, carcinoma of the king was more than one-half as fre- 
quent as carcinoma of the stomach and almost as frequent as carcinoma 
of the pancreas and carcinoma of the biliary system together. 

Race, Sex, and Age Incidence . — Tlmee thousand one hundred and 
seventy of the 7,433 necropsies were performed upon white and 4,263 
upon colored subjects, a proportion of 3:4. Carcinoma of the lung, 
however, occurred 53 times among the white and 39 times among the 
colored subjects. In tlie total necropsy material there were 4, SOI males 
(2,183 Avhite, 2,618 colored) and 2,632 females (987 white, 1,645 
colored), a pz’oportion of almost 2:1, Carcinoma of the lung, however, 
occurred 86 times among the males (48 white, 38 colored) and sLx times 
among the females (5 white, 1 colored). The youngest patient was 
21 and the oldest 75 years of age. One died in the third, 4 in the fourth, 
16 in the fifth, 39 in the sixth, 27 in the seventh, and 5 in the eighth 
decade of life. Seventy -seven per cent of the patients with carcinoma of 
the lung were thus in the sixth decade of life or older. 


Sites . — The main growth was located in the right lung in 49 cases 
and in the left in 38. In the remaining 5 eases the site could not be 
determined. Carcinoma of the lung thus occurred somewhat more fre- 
quently on the right than on the left side. In 42 eases the primary 
growth was located in the right or the left bronchus, 10 in this group 
being located at or near the bifurcation of the trachea. Thirty-five 
growtiis were located in a branch of a bronchus. In almost one-half 
of the cases in this series, therefore, the growths were in a situation 
accessible to bronchoscopic visualization but in many instances, because 
of their location at or near the bifurcation of the trachea, they were 
inaccessible to operative removal. 

Ch'oss Appearance . — In the 92 eases which comprise this series the 
diameter of the mass which formed the primary growth varied from 
2 to 15 cm. In the early stages, however, the growth may be repre- 


sented by a nodule in the mucosa only a few millimeters in diameter; 
this nodule later may grow to a bulky mass 15 cm. or more in diameter 


and may replace almost an entire lobe of the lung. The bronehus or 
the branch in which the growth arises is usually somewhat off center 
of the contiguous tumor mass. The bronchial wall is eccentrically 
thickened and the mucosal surface is usually somewhat ulcerated about 
the area of maximum involvement. Narrowing of the lumen, with ob- 
struction, is more frequently caused by infiltration than by projection 
of the growth into the lumen. 

The n-oss appearance of the neoplasm depends less on the actual 

11 1 ,r structure of the gi-owth and its stroma than oii the size, the 
' taremart, «»<!, h, pnrtieula,-, the .mount of .oftenlnir. 

e.xtent o secondary changes m the involved and adja- 

necrosis, he ^ o ) appearance, therefore, yields no defi- 

cent pulmonic tissue, me « 
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nite criteria by ■which the microscopic structure of the carcinoma can 
he predicted with any degree of certainty. The malignant character 
of the growth is usually evidenced by the excess of gi’ay or yellow- 
white tissue of varying consistency, which is dotted with red and brown 
areas of discoloration and with opaque areas of necrosis or softening. 
The blotting out of the pulmonic tissue by the neoplasm, the borders 
of which are indefinite, and the thickening and ulceration of the tribu- 
tary bronchus or its branch, usually with involvement of the pleura 
and of one or more of the lymph nodes in the hilus, complete the picture 
of carcinoma of the lung progressing to the advanced stage. 

Celkilar Origin . — The concept that the parent cell of all eai’cinoraas 
of the lung is the reserve cell has been set forth elsewhere.® Some of 
the reserve cells, like the basal cells of the epidermis, are lined up 
along the tunica propria, and their oval or elongated nuclei form one 
or several rows. Their cytoplasm is scanty and their cell borders are 
scarcely discernible. The ciliated columnar cells and the goblet cells 
are ordinarily replenished from them. The reserve cells appear to be 
the only epithelial cells in the mucous membrane of the bronchial tree 
which are concerned with cell division and cell differentiation. They 
naturally possess, also, the qualities of their ancestor cells in that they 
may differentiate into any land of epithelium which an endodermal cell 
is capable of producing. If we assume with Whitmore,*^ then, that the 
epithelial cells which replace other epithelial cells in a given area retain 
their embryonic potentialities, it is easy to see how in the course of 
forced and frequent cell division dominant charactei'istics may be sup- 
planted by recessive ones, and how sti-atified squamous epithelium may 
be produced by the reserve cells. Such a concept offers a logical ex- 
planation for the variety in the cellular structure of carcinoma of the 
lung. 

Cellular Structure . — On the basis of the individual and group charac- 
teristics of the neoplastic cells, carcinomas of the lung are classified as 
squamous-cell, eolumnai*-cell, and reserve-cell carcinomas. 

The growths are classified as squamous cell when the tumor cells ax’O 
arranged more or less concentrically to form epithelial pearls, and the 
cells toward the centers of the cell nests disclose varying degrees of 
kcratinization or are transfoi’med into keratinized scales or debris (Pigs. 
1 and 2). The coincident presence of columnar cells which form acinar 
or tubular structures and of undifferentiated or reserve cells alone or 
in combination docs not alter the grouping. 

The growths arc cla.ssified as columnar-cell carcinomas when the 
tinnov cells arc columnar or cuboidal and are arranged in acinar tu- 
bular. or papillary structures (Figs. 3 and 4). The presence of addi- 
tional masses of imdifferentiated or reserve colls does not alter the 
grouping. 



904 


SURGERY 


rial, therefore, carciuoma of the lung was more than onc-half as fre- 
quent as carcinoma of the stomach and almost as frequent as carcinoma 
of the pancreas and carcinoma of the biliary system together'. 

Race, Sex, and Age Incideiice.—Tln-ee thousand one hundred and 
seventy of the 7,433 necropsies were performed upon wiiite and 4,263 
upon colored subjects, a proportion of 3:4. Carcinoma of the lung, 
however, occurred 53 times among" the white and 39 times among the 
colored sirbjects. In the total necropsy material there were 4,801 males 
(2,183 white, 2,618 colored) and 2,632 females (987 white, 1,645 
colored), a irroportion of almost 2:1. Carcinoma of the lung, however', 
occurred 86 times among tire males (48 white, 38 colored) and sbe times 
among the females (5 white, 1 colored). The youngest patient was 
21 aird the oldest 75 year's of age. Oire died in the tliird, 4 in the forrrtli, 
16 in the fifth, 39 in tire sixth, 27 itr the seventh, and 5 in the eighth 
decade of life. Seventy -seven per cent of the patients with carcinoma of 
the lung were thus in the sixth decade of life or older. 


Sites . — The main growth was located in the riglrt lung in 49 cases 
and irr the left hr 38. In the remainirrg 5 cases the site cordd not be 
determined. Carciuoma of the Irrng thus occurred somewhat more fre- 
quently on the right than on the left side. In 42 eases the primary 
growth was located in the I'ight or the left bronchus, 10 in this group 
being located at or near the bifurcation of tire trachea. Thirty-five 
growths were located in a branch of a bronchus. In almost one-half 
of the eases in this series, therefore, the growths were in a situation 
accessible to bronehoseopic visualization but in many instances, because 
of their location at or near the bifurcation of the trachea, they were 
inaccessible to operative removal. 

Gross Aiypearance . — In the 92 cases which comprise this series the 
diameter of the mass whieli formed the primary growth varied from 


2 to 15 cm. In the early stages, however, the growth may be repre- 
sented by a nodule in the mucosa only a few millimeters in diameter; 
this nodule later may grow to a bulky mass 15 cm, or more in diameter 
and may replace almost an entire lobe of the lung. The bronchus or 
the branch in which the growth arises is usually somewhat off center 
of the contiguous tumor mass. The bronchial wall is eccentrically 
thickened and the mucosal surface is usually somewhat ulcerated about 
the area of maximum involvement. Narrowing of the lumen, with ob- 
struction, is more frequently caused by infiltration than by projectioji 
of the growth into the lumen. 

rvhe -VOSS appearance of the neoplasm depends less on the actual 

^ ^ of the m-owth and its stroma than on the size, the 

ceBulai- f “f ‘ p„lieuia.-, II, e of sottonmg, 
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The growths are classified as reserve-cell carcinomas when the tumor 
cells are of the same size; their nuclei are round, oval, or elongated and 
stain deeply; their cytoplasm is scanty, and their borders are scarcely 
discernible (Figs. 5 and 6). The cellular arrangement forms no par- 
ticular pattern; in some growths the cells are arranged in whorls, in 
others there is a palisade arrangement of the peripheral cells. 

Among the 92 cases of carcinoma of the lung which w'ere analyzed, 
49, over 50 per cent, were squamous cell; 17, approximately 20 per 
cent, were columnar cell; and 26, approximately 30 per cent, wei’e re- 
serve-cell carcinomas. In each of the three types there was consider- 
able variation in the rapidity of growth, the amoruit and character of 
the stroma, the degree of inflammatory reaction in the stroma, and the 
extent of such secondary changes as hemorrhage and necrosis. 



Pig:. 5. — Reservc-ceU carcinoma of the lung (59-year-old white male). The tumor 
ceus are of about the same size; their nuclei are round, oval, or elongated, and stain 
fleeply. The cytoplasm is scanty and the cell borders hardly discernible. Areas of 
necrosis are extensive in the centers of the cell nests (Autopsy No. 36-204). 

Pig. 0.-~Reserve-ccU carcinoma of the lung (ST-year-old white male). The tumor 
cells are of about the same size and arc arranged In no particular pattern. The con- 
nective tissue stroma is scanty and delicate (Autopsj- No. 31-99). 

Manner of Spread . — The growth usually originates in tho mucous 
membrane of a bronchus or oue of its branches and extends into the 
deeper layers, involving the underlying pulmonic tissue. There is 
usually also a lateral extension in the mucous membrane which causes 
unevenness of the surface, eventually followed by ulceration. Local 
extension by contiguous growth and through the lymph and blood chan- 
nels u.sually eau.sc.s involvement fii-st of the regional lympli nodes, then 
ol the pleura, and later of more distant groups of lympli nodes as well 
as inelastases into distant organs. ' 
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Fig. 1. SQUamous-cell caz'cinoma of the iung (oO-year-oId colored male). The 
lAuto*psy*^No 38 - 114 )^’' ^ ''*** disclose varying- degrees of keratiniaatioii 

Fig. 2.— Squamous-cell carcinoma of the lung (56-year-old colored male). The 
cells toward the center of the cell nests disclose varying degrees of heratinization 
and a cellular debris (Autopsy No. 3S-2). 



o ri„i«mnar-cell carcinoma of the lung (4!Kvfar-olii white niah ). The cuiiimnar 

Fig. acinar or tubular .arrangement .-imulnte in a hiiphazar.l wa.v 

or cuhoidaj cf'f Ar.,_,ures of the uir pa.asage.a. The lumina of the acinar or tubular 
normal ^ nmk or lavender staining secretion (.Vutopsy ,Vo. SH-'JIO). 

structures con am a pink ,-,ear-r,M uhite fcnale). The 

Fig. 4. — Counted on connective ti.s.stie stalk.-s in a iiap/ll.-iry .irtang'-ment 
columnar “11s jijb 
(Autopsy No. 3-i-oJil. 
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Local extension with involvement of the regional lymph nodes oc- 
curred in 81 of the 92 cases. Extensive distant metastases occurred in 
53 cases. Metastatic foci were encountered in the liver 28 times, in 
the supiaienal glands 13 times, in the Iddneys 11 times, and in the 
pancreas and in the skeleton 9 times each. 


COM3IENT 

^ It sliould be emphasized that the data just presented concern witli 
few exceptions patients in wiiom carcinoma of tiie lung was the pi'in- 
cipal lesion and the immediate or contributory cause of death. In such 
eases the lesions are naturally far advanced, yet an analysis of the 
material offers much of interest. 

Males between the ages of 41 and 60 years apparently comprise the 
majority of patients with eai-cinoma of the lung. The site of origin 
may be in either lung, and is usuallj^ in a bronchus or in one of its 
branches. In those instances in which the growth is easily seen through 
a bronchoscope, the operability is frequently poor because of the prox- 
imity of the growth to the bifurcation of the trachea. More amenable 
to surgical treatment, although less easily accessible to bronchoscopy, 
are those groAvths -which arise in a branch of the bronchus. 

Eadiation therapy in carcinoma of the lung, as in carcinoma in other 
locations, depends upon the radiosensitivity of the neoplasm and its 
accessibility to adequate radiation. The cellular structure and the 
frequency wdth which the tln-ee types of carchioma occur iu the lung 
(over 50 per cent squamous-eell, about 20 per cent columnar-cell, and 
about 30 per cent reserve-cell) give the radiotherapist clues as to the 
result to be expected from radiation therapy. 

The story I’emains to be told of a seines of cases in which early recog- 
nition has led to prompt removal of the liuig containing the growtli.^ 
A collection of such eases will soon be available for histologic analysis, 
and it will be of great interest to ascertain whether or not a particular 
type of carcinoma of the lung lends itself to early detection and to the 
application of successful therapeutic measures. 


SUMMARY 


Amono- T,433 necropsies on individuals over 1 year old there were 
09 carcinomas of the lung, more than one-half as many as carcinomas of 
the stomach and nearly as many as carcinomas of the pancreas and the 
Wliarv system together. Seventy-seven per cent of the patients with 
”, 7 „ luno- ivere in the sixth decade of life or older. The 

carcinom , negroes in the total number of necropsies was 

carcinoma of the lung occurred in the 
approxima y 1 -i The proportion of males and females in the 
proportion 0 ^ ^ almost 2:1; wliereas, carcinoma of the 

total number of neei P ^ 14 The growth occurred 

lung occurred m tne p v 
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These four statistical studies are similar iu that the largest percentages 
fall in the fourth, fifth, and sixth decades. However, there are a 
sufficient number of cases in the younger-age group to warrant serious 
consideration of the presence of malignancy when the clinical signs and 
symptoms are suspicious. 

Schwyter® reported an adenocarcinoma of the lung in a 16-month-old 
child. The patient became ill two months before her death, with loss of 
appetite and pallor. The left half of the thorax was entirely obscured 
by an effusion and there was extreme dyspnea. Death was due to 
diphtheria, and at autopsy the left lung Avas found to be invaded by a 
large mucoid tumor Avhich extended diffusely through the parenchyma, 
leaving only a little atelectatic pulmonary tissue posteriorly. 

86x . — The question of sex in relation to carcinoma has also been 
studied by numerous authors. In my own series^ of 56 cases, 42 were 
males, and 14 females. In Fried’s^ series of 152 cases, 123 Avere males 
and 29 females. Ferency and Matolesy,® of Vienna, reported 282 cases, 
204 of Avhom Avere males and 78 females. In the series reported by Fris- 
sell and Knox^ of 46 cases, 36 were males and 10 females. A total of 
these statistics show 536 cases, of Avhich 405 are males and 131 are 
females. 

The predominance of carcinoma of the lung in males may be due to the 
fact that they are more susceptible to pulmonary irritation than are 
Avomen and also that Avomen develop carcinoma of the generative organs 
in a greater degree than men and die of this condition early in life. At 
present Ave are unable to state just Avhy the proportion of male to female 
is so high. 

Location of Tumor. — Fried* collected 1,639 cases from the literature; 
1,034, or 63.7 per cent, occurred on the right side and 605, or 36.1 per 
cent, on the left. Bieberfeld- found 154 carcinomas m the right lung 
and 53 in the left, and Seyfarth" reported 258 right-sided cancers and 
only 49 left-sided. Fischer* reports in a series of 3,735 cases that 53 
per cent occur on the right and 45 per cent on the left. 

The location of the tumor in the right lung is more freipient than in 
tlie left, Imt, Avhen one finds any lesion in the right or left lung, that 
fact docs not lend much Aveight Avhen considering the possibility of 
carcinoma because of the location. 

8!i)npto)ns . — The early subjective symptoms of carcinoma of the lun« 
vary so widely in differeiAt patients that it is difficult to decide Avhen a 
l>aticnfs conqdaint may indicate the beginning of a malignant disease 
of the lung. I ndoubtedly microscopic cells occur in the bronchus before 
symptoms appear and it is not until they involve structures which might 
pro<lucc prc-ssure, pain, or hemoptysis that an individual Avill seek medi- 
cal help. There have been attempts to classify the first symptom.s in 
some .series of ejises. 



PRIMARY BRONOHIOaENIO CARCINOMA 
A Clinical Study 

J. J. Singer, M.D., Los Angeles, Calif. 

(From the Ease Lam pert Graf Foundatmt- and the Cedars of Lebanon ffospitalj 

*' I ’HOROU&H and exliaustive clinical studies of carcinoma of the lung 
have been undertaken with the expectancy that there would emerge 
definite clinical patterns, each pattern capable of recognition and repre- 
senting a certain underlying pathologic process. 

It is evident from the numerous reports thus far presented on this 
subject that a definite diagnosis of bronehiogenic cancer cannot be made 
without biopsy specimen and microscopic studies. However, we have 
learned a great deal from tliese studies, particularly a proper evaluation 
of important symptoms and signs as well as methods of differentiation 
from other pulmonary diseases. 

In order to discuss this subject in detail, I will consider the following : 
age, sex, location of lesion, first symptoms, complications (such as 
bronchitis, emphysema, atelectasis, abscess, bronchiectasis, tuberculosis, 
silicosis, and infection), occupation, duration of disease, and metJiods 
of diagnosis in relation to bronehiogenic carcinoma, and analyze each 
separately. 

Age . — The age incidence of carcinoma of the Iinig is approximately 
the same as for cancers of all other organs. The majority of cases occur 
between the fortietli and seventieth years, and rarely below the age of 
20 years. Statistical studies have been made b,y Fried* at the Montefiore 
Hospital (New Yorh) ; Graham, Singer, and Balloir at Barnes Hospital 
(St. Louis) ; Maxwell and Nicholson® from Brompton Hospital (Lon- 
don) ; and Prisseil and Knox* from St, Luke’s Hospital (New York), 
as well as by others. 

Table I 


Age Incidence op Bronchiogenic: Carcinojia 


NO. OP CASES 

■srONTEPIoS BARNES BROMPTON StTEukPs' 

bospitMj hospital nosnrxh hospital 


ror puDHcdUou. OctoDcr -10. im 
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These four statistical studies are similar in that the largest percentages 
fall in the fourth, fifth, and sixth decades. However, there are a 
sufficient number of cases in the younger-age group to warrant serious 
consideration of the presence of malignancy when the clinical signs and 
symptoms are suspicious. 

Sehwyter® reported an adenocarcinoma of the lung in a 16-month-old 
child. The patient became ill two months before her death, with loss of 
appetite and pallor. The left half of the thorax was entirely obscured 
by an effusion and there was extreme dyspnea. Death w'as due to 
diphtheria, and at ar;topsy the left lung was found to be invaded by a 
large mucoid tumor which extended diffusely through the parenchyma, 
leaving only a little atelectatic pulmonary tissue posteriorly. 

Sex . — The cpiestion of sex in relation to carcinoma has also been 
studied by numerous authors. In my own series- of 56 cases, 42 were 
males, and 14 females. In PriedV series of 152 cases, 123 were males 
and 29 females. Ferency and Matolcsy,® of Vienna, reported 282 cases, 
204 of whom were males and 78 females. In the series reported by Pris- 
sell and Knox^ of 46 eases, 36 were males and 10 females. A total of 
these statistics show 536 cases, of which 405 are males and 131 are 
females. 

The predominance of carcinoma of the lung in males may be due to the 
fact that they are more susceptible to pulmonary irritation than are 
women and also that women develop carcinoma of the generative organs 
in a greater degree than men and die of this condition early in life. At 
present we are unable to state just why the proportion of male to female 
is so high. 

Location of Tumor. — Fried' collected 1,639 cases from the literature; 
1,034, or 63.7 per cent, occurred on the right side and 605, or 36.1 per 
cent, on the left. Bieberfeld- found 154 carcinomas in the right lung 
and 53 in the left, and Seyfarth” reported 258 right-sided cancers and 
only 49 left-sided. Fischer'' reports in a series of 3,735 cases that 53 
per cent ocerrr on the right and 45 per cent orr the left. 

The location of the tumor iir the right Irrirg is more frequent than in 
the left, but, when one firrds any lesion in the right or left lirng, that 
fact does not lend mueh weight when eonsideriirg the possibility of 
carcinoma because of the locatiorr, 

Sumptom.'t . — The early subjective symptoms of carcinoma of the lung 
vary so widely in different patients that it is diffieirlt to decide when a 
liatient’s comi>laint may indicate the beginning of a raalignarrt disea.se 
lit the bing. Undoubtedly nrieroi5copu* cells occur in the bronchus before 
symptoms apiiear and it is not until they involve structures which might 
liroduce prc.ssure, pain, or hemoptysis that an individual will seek mwli 
cal help. There have been attempts to classify the fir-st svmptoms in 
some series of ettses. 
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Cai'lson. and Ballon® analyzed the symptoms of 26 cases (autopsied) 
at the Baines Hospital, St. Louis. They classified the symptoms of these 
cases into three groups: (1) local pulmonary sjonptoms, (2) general 
symptoms, and (3) symptoms suggestive of extension or metastasis. 
Table II shows the number of complaints according to frequency in 
these cases. 

Table II* 

Sy.MPToits Upon Admission to Hospit.il (26 Necropsy Cases) 



I. Local pulmonary symptoms (grouped according to frequency) 


Cough. 17 

Cliest pain or discomfort 11 

Dyspnea 11 

Sputum 10 

Hemoptysia or “streaking” 6 

“Chest colds” 2 

(No chest symptoms 5) 

11. General symptoms 

Weight loss . 9 

Weakness 6 

Anore.xia 3 

Night sweats 2 

Thirst 1 

Fatigue 1 

in. Symptoms suggestive of “extension,” metastases, or -unrelated disease 
Nervous symptoms 8 

Pain in back or extremities (not related to nerve pathways) 7 

Urinary symptoms 3 

Vomiting 2 

Abdominal pain 2 

Abdominal enlargement 1 

Engorgement of veins 1 

Precordial distress 1 

Dysphagia 1 


♦Patients observed at the medical and surgical chest service, Barnes Hospital, 
St. Louis. 


The cough is usually diy, harassing, and occasionally accompanied by 
blood-streaked sputum, and rarely frank hemoptysis. Chest pains are 
most significant and seem to be, especially in tlie early eases, ranch more 
severe than the physical signs would warrant; but in the absence of 
definite pleurisy and in the right age groups one must consider pain as 
an important symptom of the disease under discussion. 

Dyspnea, which may become the most distressing symptom of all, does 
not occui’ early unless sudden atelectasis has taken place. In the slow 
contraction of the lung, dyspnea does not occur so readily, even when 
an entire limg is involved. 

Weight loss does not occur early in the disease. The reason for tins 
li+bht this symptom develops when there is seeondaiy involvement 
may he r-iehexia does not manifest itself until very late in 

lever. Homer'e e>.„<Iro»e »<! of 

pails are also late symptoms. 
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The signs of metastasis are too varied for classification, but, when 
patients have signs of involvement of the Inng and develop signs of 
metastasis to other organs, it must be considered as part of the same 
process. 

The blood picture is not significant. 

Because of recent therapeutic advance, particularly surgical approach, 
carcinoma of the lung can no longer be considered a hopeless condition. 
Consequently the clinical discovery of early eases becomes imperative. 

Duration . — The duration of the illness, before the patient is aware of 
any involvement of his lung, values from a few days to as long as twenty 
year's. Some patients are more observing than others and, strangely 
enough, a I'ather large percentage of patients do not come until late in 
the disease and not then unless there is hemoptysis or excruciating 
thoracic pain. A careful history, however, of patients who might be 
suspected of having the disease will reveal conditions to the patient him- 
self which may be significant in the true interpretation of the cause of 
the symptoms. Most of the patients, however, manifest the important 
symptoms which precede their death fi'om one to fifteen months. 

Occupation . — The occupation of patients who have carcinoma becomes 
important, particularly when cai’cinoma apparently follows some trau- 
matic injury; especially for those persons who work where there is a 
hazard of trauma, particularly in coal mines, in an atmosphere of silica 
dust, or where inhalation of tar fumes is likely. In the weU-lmown 
mining district of Schneeberg many cases of carcinoma have developed 
in the workers. There many investigators attribute the carcinoma to the 
inhalation of arsenic and cobalt, while others feel that it may be due to 
the inhalation of silica dust. 

Lynch and Smith® report a case of carcinoma of the lung due to 
asbestosilieosis. This man was 57 years of age when he was fii'st 
examined. His chief complaints were pain in the right side of the 
stomach and right side of the back and shoulder and shortness of bz’eath. 
He had been e.xposed to dustj’- atmosphere wdien 16 years of age, work- 
ing as a weaver in a cotton mill. Twenty years later he began to work 
as a weaver in an asbestos factory, a position he held up to the time of 
his entry into the dispensary in 1934. A diagnosis of silicosis and 
asbestosis was made and at autopsy an associated carcinoma %vas found 
in the lower lobe of the left lung. These authors feel that the chronic 
bronchial irritation was compatible with the current etiology of the 
carcinoma. In other words, they believe that the irritation of the 
in-onchi may lie a liazard of the type of work done in the development 
of eaveinoma. However, it is so rare that one finds carcinoma associated 
with eitlier .silicosis or asbestosis that one may izssumc that the disease 
oeevu-s in a patient who has other pulmonary involvement. 

In a case I saw at the Barnes Ho-spital, St. Louis, a miucr was struck 
by a small truck which pinioned him against the wall of the mine He 
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developed bleeding from tlie limg which lasted for over a year. He died 
later and at the post-mortem exaznination a carcinoma was found in the 
uing izi addition to the silicosis. 

Experimental production of carcinoma by the exposure of nziee to 
coal-tcxr fumes and also to exhaust from autoiziobiles and by the paint- 
ing of mice with tar apparently has no correlation to the development 
of carcinoma of the lung in man. 

There are a great man.y workers in all occupations wlio develop car- 
cinoma, though tiiey are in no known way exposed to occupational 
hazards. This leaves the problezn of the relationship of earcinozna to 
occupation still a question for study. 

I ypes of Carcinoma of the Lung . — It is accepted by nearl}' all workers 
that carcinoma of the liuig' arises from the broncliial mucosa and not 
from the alveolar epithelium. Pried' has showzr conclusive!}' azzd it has 
been proved bj' others that the alveoli do not contain fixed cells which 
can produce earcizioma. He states; 

“Carcinoma origiziatizzg primarily in the lungs is brouehiogenie. 

“There is evidence that wJiezi the disease is found in the lungs it re- 
sults from a pathologic (excessive) regeneratiozi folloAving chroizic in- 
fiammatiozi of the bronchial tree. 


“Of the three varieties of cells lining the bronchial mucosa, that is, 
the ciliated columnar epitliclium, the goblet cells and the ‘basal’ cells, 
only the last are concerned in the process of regeneratiozi of the bronchial 
mucous membrane. It is assumed, thei’efore, that these cells likewise 
serve as a sole matrix for primaiy bz’ozichiogenic tumors. 

“Similarly, primary squamous cell epitheliomas and basal cell epi- 
theliomas of the lungs do ziot result from metaplasia of the pre-existing 
ciliated columnar epithelium, but originate through protoplasia (in- 
direct metaplasia) of the undifferentiated basal cell of the bronchial 
mucous meznbrazie. ’ ’ 


Grossly, the types of cai'cinoma, as shown by the roentgen-ray film, 
have been classified by Lenk”’ as follows: (a) pure intrabronchial 
tumors, (b) carcinomatous pneumonia, (c) hilus carcinomas, (d) car- 
cinoma involving a lobe, (e) the .so-called lymphangitis careinomatosa, 


azzd (f) interlobar carcinomatozzs nodules. 

It mizst be appreciated that a z-oentgen-z-a.z- picture is due to not only 
the tumor mass but also the effects upozi the bronchial tz-ee; that is, 
atelectasis, bronchiectasis, or pneumoziia. Tiie roenfgezz-z'ay appoaz-- 
mzee may be due to meta.stase.s, a jzleizral effusion, pleuro! tluckenzzig, 
abscess of the lung, gangrezze, or obstz-uctive ernphysezna. Theze maz- 
1 much fibrosis pleural thiekenizig and distort inn of the mediastinum 

gesls a stnieliircs, therffom Ilia varialioM ol’ ».nn|>- 

.i's 
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CoiKpliccitions of Brouchiogonic Cai'cinovia . — Among the most im- 
portant complications are: atelectasis of the lobe or lobes or even the 
entire lung, abscess, bronchiectasis, empj'ema, emphysema, bronchitis, 
and spontaneous pneumothorax. 

Atelectasis is a condition wMch is produced by the presence of an 
intrahronchial mass 'which may block a main bronchus or one of the 
smaller bronchi, depending on where the tumor originates. The usual 
signs of massive atelectasis may be found sometime in the early papil- 
lomatous type so that one must not consider a complete density in a 
roentgen-ray film as evidence that the carcinoma itself is as extensive 
as the shadow would indicate. It is well known that, when bronchi are 
obstructed and atelectasis develops, infection of the pulmonary tree 
distal to the obstruction is frequently the site of abscess formation pro- 
duced bj" anaerobic bacilli. Secondary to these abscesses it is not un- 
common for bronchiectasis to develop. This triad of complications is 
most frequently met with in the majority of carcinoma of the lung, but 
it requires considerable diagnostic ability to be able to unravel the com- 
plications from the disease itself. Fortunately, with our irresent means, 
wiiich will be discussed later, this so-called mystery of the shadows can 
be solved. 

Accompanying diseases, such as tuberculosis, silicosis, and emplij^sema, 
do not seem to be complications as much as separate diseases in the 
same patient, A rather important complication is the development of 
fluid in the chest as a secondary manifestation of irritation. The 
original pulmonary involvement may be the lymphangitis carcinomatosis 
and this condition is rarely diagnosed except when there are metastatic 
lymph nodes available for biopsy or at a post-mortem examination, and 
then only when microscopic sections of the lung are studied. 

Diagnosis . — The clinical diagnosis of carcinoma of the lung must be 
confirmed by many tests, but the only positive one is the fiirding of 
carcinoma cells in the lung tissue. The correct diagziosis in the past 
five years of this condition has risen from approximately 20 per cent 
to between 75 and 90 per cent of cases. This marked advance hr more 
correct diagno.sis lias followed the more careful and exhaustive studies 
doveloised iu the chest centers. 

FJiy.sic(il jS iflus.— -The signs elicited in a suspected case of eareinoma of 
the lung depend on the size, shape, and location of tlie tumor. In the 
miliivvy type no definite signs are noted, but, when tlie mass is large, dull- 
ness. In-oni-hovesiculiir breath .sounds, and increa.sed whisper sounds are 
present. Rfilcs may or may not be hoard. Areas of emphysema may 
so surround the smaller ma.sses that the signs of a mass are not elicited 
In a patient who was under my care, the signs of obstructive emphysema 
were the only significant change from the normal. In this patient Ids 
adviuiecd age and the history of wiicezing. eaeiiexia, and frequent 
hemoptysis suggested carcinoma. By hronehoseopie c.xamiimtiou one 
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could see the mass partially obstructing the lou'er right branchus. Air 
M’as able to enter the lobe but could not be forced out on expiration. 
A microscopic section of a biopsy specimen showed this mass to be a 
squamous-cell carcinoma. 

The physical signs by themselves rarely are of diagnostic value with- 
out the other evidences of tumor. 


Direct vision, means of bi’onchoseopy, enables one to obtain exact 
information as to what is present in the larger bronchi. Today in all 
large medical centers well-trained bronchoseopists are available so that 
mistaken diagnosis by omission of bronelioscopj'^ should not be e.xeused. 
Kemoval of bits of tissue can be easily done and microscopic examination 
of them makes definite diagnosis possible. When the tumor is in the 
smaller bronchi, the bronehoscopic examination fails. If fluid is present 
in the pleural cavity, this can be aspirated and air injected. It is now 
possible to introduce a cannula into the pleural space imder local anes- 
thesia. A thoracoscope can be inserted into the cannula and a good 
view of the entire chest cavity can be obtauied. At the same time it is 
also possible to take biopsy specimens of the pleura or hmg tissue. 

I have designed a thoracoscope” which has a universal adapter placed 
on the pro.ximal end of a small oval-shaped cannula. Two openings in 
this adapter permit the introduction into the chest cavity of a small 
thoracoscope of the foreoblique type and operative instruments, such as 
galvanoeautery, high-frequency electrode, long hypodei'mie needle, bi- 
opsy forceps, or catheter. The use of any one of the instruments permits 
direct vision. If the operator wishes to use the two-cannula method, an- 
other puncture is made with a second flat trochar and cannula, and the 
foreobliqne lens is put in one instrument and the various operative in- 
struments are introduced through the second opening. It is obvious then 


that this universal thoracoscope combines the value of both types of 
operation and permits the use of either method. Pig. 1 shows how the 
instrument is assembled. 


The pleural fluid can he studied by the Mandelbaum method, which 
consists of centrifiigalizing the fluid and then fixing the sediment as if 
it were tissue. Microscopic studies are then made. Finally, biopsy 
specimens may be taken by puncture mth a large needle plunged into 
the mass or even thoracotomy is indicated at times. Occasionally, even 
then, the’pathologist may report atelectatic lung and fibrous tissue.^ 
Eomitaen Bu!/.— The use of the fluoroscope has been of particular 
1 n nnr studies One must spend considerable time in the darkroom 

hSore he-inning to see the picture on the screen. The faint shadow 
before o the eyes are accommodated and tlie normal is 

««c c„ 

early dis „ infrequent tliat a iiomogcneous 

patients from ° such a way that one can note brilliant 

shadow m the him producing the shadows. The 

lung tissue behmd oi m nw 
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Piij 1 Photograph of Singer’s universal thoracoscope assembled (made by 

lips-Drucker, St. ^Louis. Mo.). A shows small oval trochar ^d cannula; B shOTO 
the assembled instrument; X is the universal adapter through which the thoracoscope 
and operative instruments can be inserted. 


■4'yi ,4 

juj A* * -'.T ^'r; 'Mf-' 

t ■■IR-’-i -J 'r'.> ■ . 






Fi>:. 2.— Spoclmou oC chest rtultl. AVprll 25, 1039, Arrows point to tumor cells. 
Microscopic exutninailon of paniUhi section of centrifuged sediment of 30 c.c. of straw- 
colored lUUd shows a large number of cellular elements; practically no red blood 
cells are seen. Groups of leucocytes arc scattered along larger numbers of tumor 
cells. These colls vary considerably In shape and size; frequently Uiey are polyhedral 
to oval; cell borders tire distinct or, at times, fused. Cytoplasm is pale and coarsely 
granular; nuclei are large with, in many Utstances. large nucleoli. Some of the 
nuclei htive vacuolization probably due to glycogen, but inostly they are light blue* 
some are hyperchrumutic. An occasional bizarre mitotic Ilguro Is seen. Some multi- 
nuclcalod ceUs arc present, Duvjnosi^: Carclnornatous extension or metStasis to 
pleuru-. 
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combination of the physical signs, fluoroscopic examination, and roent- 
gen films affoi’ds the factors ujjou which judgment can be based as to 
the character of the shadow. 

When fluid produces the shadoAV, it is impossible to visualize the lung; 
but, when the fluid is aspirated and air is introduced (diagnostic pneu- 
mothorax), then roentgen ray becomes of greater value. 

It is not unusual to see sliadows in the lung Avhieh cannot be diagnosed 
as tumor, but careful study of the roentgen-fay aijpearance of ribs may 
show areas of rarefactions and even of spontaneous fractures. Thus, as 
these may be interpreted as evidence of metastasis in the bones, the 
shadow in the lung may also be so interpreted. 



nafipnt* uDrIcrht position shows unilateral density pu 
Fig. 3.*--Roentgen Mm jiisp|;,coni.-nt ot nie.liustinum to Die 

the right chest, except 
right 

n /.r,oPn<ri>anhy by the use of iodized oil, lias added exactness to our 
diaZtic The tool h.wl.u» and 

S t'he teoMhial t«. ave caaily .aa.osn.a..l.le. 
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The newer methods of talcing films by planograpliy or tomogi-aphy 
are also of great value in the localization of masses and cavitation. 

The details of roentgen-ray studies will be discussed in fuU by others 
in this symposium. 

CASE HISTORIES 

C.VSE l.~H. K., white, male, clothes cutter, aged 53 years. Entered Cedars of 
Lebanon Hospital on April 2d, 1939. 

His previous history shows that at the age of 32 years, during an attack of a 
so-called chest cold, he was told by his physician that he had a leaking heart. 
He did not recall any rheumatic fever and was asymptomatic until six years ago, when 
[lo first noticed dyspnea on exertion. Tlnee years later he was forced to sleep 



Fin. 1. — Roontscn Him of patient, upriKht poslttou after 300 c.c. of fliiiil was- re- 
moyeil ami 200 c.c. of air inlccteO. Note tlie Oensity between the areated lune above 
ami the all- poeket belONv. Meiiiastlnum still not shifted, ^ 


in a eiiair laa-ausc of ••asthma.'’ He has had oeeasioual hcmoptyscs of brief 
duralioti in past eight years, and a few attaeks of angina pectoris for the past 
year. Ite worked iiiilil lliree wcek.s hefore he entered the hospital, despite marked 
ankle edema, dyspnea, and ortliopnea. 

He entere .1 nnoUier ho.-pital at that time ami was treated for cardiac decom- 
pensalion by digitalb, re.st, and the aspiration of two ijuarts of clear tluid from the 
ehe.st. He did not improve, liowever. He had pains in the right chest and stated 
{u‘ lo^l K‘u jiouinis 111 the \iiti year. 
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combination of the pli3'sicai signs, fluoroscopic examination, and roent- 
gen films affords the factors upon which judgment can be based as to 
the character of the shadow. 

When fluid produces the shadow, it is impossible to visualize the lung; 
but, when the fluid is aspirated and air is introduced (diagnostic pneu- 
mothorax), then roentgen ray becomes of greater value. 

It is not unusual to see shadows in tlie lung which cannot be diagnosed 
as tumor, but careful study of tJje roentgen-fay appearance of ribs may 
show areas of rarefactions and even of spontaneous fractees. Thus, as 
these maj-^ be interpreted as evidence of metastasis in the bones, the 
sliadow in the lung may also be so interpreted. 
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Physical examination showed an orthopneie, dyspneie, cyanotic, cachectic male. 
He showed signs of a large amount of fluid and air in the right chest with marked 
shift of mediastinum to the left. Heart sounds were faint and he had a systolic 
murmur at the apex. He showed ankle edema. His circulation time was as fol- 
lows : venous pressure, 26.4 cm. ; arm to tongue time, 27 seconds ; arm to lung 
time, 11 seconds; and lung to tongue time, 16 seconds. These showed signs of 
decompensation. Three thousand cubic centimeters of bloody fluid was aspirated 
from the right chest and centrifugalized and the sediment embedded in paraffin. 
On three occasions this was done and only the first specimen showed some carcinoma 
cells. 

X-ray examination of the chest showed a partial collapse of the middle and 
lower lobes on the right aide. The upper lobe was only slightly collapsed, probably 
held by pleural adhesions. The density of the atelectatic middle and lower lobes 
prevented the visualization of an infiltration in the lung tissue. 

Thoracoscopy was done on May' 20, 1939, in the right chest. There was a small 
amount of bloody fluid in the eostophrenie sulcus. The lung was visualized. The 
lower part of right lung, which was hard and almost immovable, was adherent 
superiorly. Its underlying color was densely white and there seemed to be thicken- 
ing and infiltration of the parietal pleura. Biopsy specimen w'as removed from 
the parietal pleura and sent to the laboratory for examination. Microscopic section 
showed old fibrin mixed with large cells which varied some in size and shape. 
Numerous hyperchromatic nuclei were present. No mitotic figures were seen. 
Diagnosis: metastatic earcluoma to pleura. 

The patient died two days later. A post-mortem examination showed that the 
right lung was involved by miliary bronehiogenic carcinoma. 

Comments . — The history of tliis case was not suggestive of carcinoma 
by any of the clinical diagnostic standards that we have. The x-ray 
examination was not suggestive of a malignancy. However, the clinical 
inferences as to the possibility of carcinoma were his age, marked loss 
of weight, hemoptysis, and bloody fluid in the right chest. While he had 
an associated cardiac decompensation which overshadowed the symptoms 
of malignancy, careful analysis of the various conditions present lent 
some weight to the possibility of malignancy and therefore a biopsy 
through the thoracoscope was done and a positive diagnosis of malig- 
nancy was thus obtained. 


Case 2. — M. K., white, male, aged 62 years, entered Cedars of Lebanon Hos- 
pital on Feb, 3, 1937. 

He had a, past history of pneumonia at the age of 28 years. His chief com- 
plaints at admission were pain in the right chest, hemoptysis, loss of weight, weak- 
iics.s, and anorexia. 

Physical Signs . — In the lungs there was a generalized impairment of resonance 
over the right lung field by a mass particularly limited to the upper .and middle 
lobe. Occasional moist rales were hoard over this area. Breath sounds diminished 
over this area. Left lung showed no abnormal signs. 

X-ray examination of the chest on Feb. 4. 1937, showed a radiopacity over the 
entire right ujiper lobe. The trachea and iinaiia-stinal contents were not* displaced 
A radiopague patch, the size of ti walnut, was present at the right hilus, probablv 
due to extension of the tumor mas.s in the right upper lobe. The right eostophrenie 
angle was slightly obsettred, probably by fluid. The pleura was somewhat thick- 
ened. 

The patient wms bronohoscoped on Feb. 8. 1937. The left main .stem bronchus 
was explored tmd round to be noimid in nppeantuce and unobstructed. The orifices 
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Physical examinatiou showed an orthopneie, dyspneic, cyanotic, cachectic male. 
He showed signs of a large amount of fluid and air in the right chest with marked 
shift of mediastinum to the left. Heart sounds were faint and he had a systolic 
murmur at the apex. He showed ankle edema. His circulation time was as fol- 
lows; venous pressure, 26.d cm.; arm to tongue time, 27 seconds; arm to lung 
time, 11 seconds; and lung to tongue time, 16 seconds. These showed signs of 
decompensation. Three thousand cubic centimeters of bloody fluid was aspirated 
from the right chest and centrifugalized and the sediment embedded in parafSn. 
On three occasions this was done and only the first specimen showed some carcinoma 
cells. 

X-ray examination of the chest showed a partial collapse of the middle and 
lower lobes on the right side. The upper lobe was only slightly collapsed, probably 
held by pleural adhesions. The density of the atelectatic middle and lower lobes 
prevented the visualization of an infiltration in the lung tissue. 

Thoracoscopy was done on klay 20, 1939, in the right chest. There was a small 
amount of bloody fluid in the costophrenie sulcus. The lung was visualized. The 
lower part of right lung, which was hard and almost immovable, was adherent 
superiorly. Its underlying color rvas densely white and there seemed to be thicken- 
ing and infiltration of the parietal pleura. Biopsy specimen was removed from 
the parietal pleura and sent to the laboratory for examination. Microscopic section 
showed old fibrin mixed with large cells which varied some in size and shape. 
Numerous hyperchromatie nuclei were present. No mitotic figures were seen. 
Diagnosis: metastatic carcinoma to pleura. 

The patient died two days later. A post-mortem examination showed that the 
right lung was involved by miliary bronchiogenio carcinoma. 

Comments . — The history of this case was not suggestive of carcinoma 
by any of the clinical diagnostic standards that we have. The x-ray 
examination was not suggestive of a malignancy. However, the clinical 
inferences as to the possibility of carcinoma were his age, marked loss 
of weight, hemoptysis, and bloody fluid in the right chest. While he had 
an associated cardiac decompensation which overshadowed the symptoms 
of malignancy, careful analysis of the various conditions present lent 
some weight to the possibility of malignancy and therefore a biopsy 
through the thoracoscope was done and a positive diagnosis of malig- 
nancy was thus obtained. 


C.\SE 2. — M. K., wliite, mule, aged 62 years, entered Cedars of Lebanon Hos- 
pital on Feb. 3, 1937. 

He had a past history of pneumonia at the age of 2S years. His cliief com- 
plaints at admission were pain in the right chest, hemoptysis, loss of weight, weak- 
ness, and anorexia. 

Physical Signs . — In the lungs there was a generalized impairment of resonance 
over the right lung field by a mass particularly limited to the upper and middle 
lobe. Occasional moist rales were heard over this area. Breath sounds diminished 
over this area. Loft lung showed no abnormal signs. 

X-ray examination of the chest on Feb. -1. 1937, showed a radiopacity over the 
entire right upper lobe. The trachea and meditistiual contents wore not displaced 
A radiopaque patch, tlio size of a wtilnut. was present at the right hilus, probablv 
due to e-xtoimion of (he tumor mass in the right upper lobe. The right costophrenie 
angle was slightly ohaeured, probably by fluid. Tlie pleura was somewhat thick- 
ened. 


The patient was hro.vcUoscopod on Feh. S, 1937. The left main stem bronchus 
was explored and round to be normal in appearance and unobstructed. The orifices 
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^ere similarly normal. An e.xcellent view was obtained of tlio rigjifc upper lobe 
bronchus.- This region presented no inflammatory or neopla.stie changes. The 
orifice was shrunk with neosynephrine and a sponge imserted into the branch to 
the riglit upper lobe. There came away on the sponge a large gelatinous, thick, 
tenacious mucous plug which may well have obstructed this bronchus. No further 
positive changes were present. 

On Feb. 12 thoracentesis was done, with the puncture site between the third 
and fourth ribs in the posterior-right side. No fluid was obtained. 

Punch biopsy was done into the mass on Feb. 25. A few shreds of tissue were 
obtained, the microscopic report of which was negative for carcinoma. It was then 
decided that an open thoracotomy should be done to .see if the density was due 
to an abscess. A portion of the third rib was removed posteriorly and biopsy 
taken of the pleura and attached lung. This was e.vamined microscopically and 
the section showed mostly fibrous tissue in which there were areas of round-cell 
infiltration. This can be interpreted as thickened pleura. There was one small 
piece of lung tissue in which there was considerable atelectasis and the few re- 
maining alveoli were filled ndth phagocytic cells and blood pigment. No evidence 
of neoplasm was seen in any of the sections at hand. The patient became weaker 
and finally died at his home on Jan. 20, 193S. An autopsy revealed the following: 
The pleural surface of the right lung showed dense, Hbrous thickening. The lung 
was nodular and subcrepitant in consistency. Tlie main bronchus to the right 
upper lobe just distal to its bifurcation was almost entirely occluded, except for 
a minute lumen of about 1 mm., by a firm mass of cellular, grnyish-white tissue 
which appeared to rise from the mucosa and which infiltrated into the adjacent 
lung substance for a distance of about 3 cnn The branches of this bronchus distal 
to the point of obstruction were dilated and showed a necrotic reddish-purple 
surface. 

Microscopic examination . — Sections from the mnin mass oi tiie tumor described 
grossly showed verj- extensive necrosis of the tumor about the periphery. There 
were frequent clusters of viable tumor cells. These were arranged in irregular 
clusters and strands and solid, cellular cords. In many places large areas of tumor 
tissue were necrotic, except at the very periphery where there were viable tumor 
cells. Generally the tumor cells were small and undifferentiated. They formed 
frequent epitlielial pearls in places, although it was not possible to demonstrate 
intracellular bridges in these areas and it was questionable whether these were 
active epithelial pearls or areas of beginning necrosis. Their nppcanincc and the 
fact that the tumor remained so well confined to the lung suggested that these 
were true squamous epithelial pearls. Adjacent and supporting connective tissue 
showed very dense hyaline fibrosis. 


Comments.— clinical liistory, symptoms, and signs all pointed to 
carcinoma: loss of weight, edema, hemoptysis, cough, severe pain, and 
xrav Yet at no time, in spite of biopsies being made, even with rib 
Veseetion was carcinoma positively diagnosed. This ea.se is deseribmi 
. chow how with all means at our eommand, the final diagnosis at 
times is made’ only at autopsy, although elii.ieal signs may be .so d.-bmle 
that the patient can be treated as having eareinoma of the lung. 


SUMMARY AXl) CO-NUl.l-SIONS 

, • r nf eireinoma of the lung is still .so varied tiiat no 

The clinical picU to fit the many types of patimlogii- 

definite pattern has b observation of the patients and 

conditions present. 
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taking into consideration the many factors discussed, such as age, loca- 
tion, complications, and sex, and also with the aid of the many diagnostic 
methods, very few eases of carcinoma of the lung are now overlooked. 
In view of the fact that surgical approach in early cases of carcinoma 
of the lung has been proved successful in many instances and with the 
increased proficiency of the surgeons in this field, it behooves ail medical 
men to search out these early cases if we are to benefit our patients. 
Prom the analysis of the various circumstances surrounding this sub- 
ject which has been discussed, certain highlights are present. 

These are that, given a patient in the ages between 40 and 70 years, 
with symptoms of pulmonary disease with special reference to cough, 
pain in the thorax, and hemoptysis, the examiner should stress his 
studies in the search for malignancy of the lung as a probable etiologic 
condition of the patient’s complaints. The advances in our diagnostic 
ability have been for the most part improvements in roentgen-ray 
technique, bronchography, bronchoscopy, the study of pleural fluids for 
malignancy cells, thoracoscopic biopsy, and also punch biopsy. 

In vague pulmonary diseases, if all the signs remain indefinite for a 
diagnosis of carcinoma, one should search for evidences of metastasis 
in the lymph glands of the neck and axillae and evidences of metastasis 
should be searched for in the brain, ribs, kidneys, and rarely the skin. 
In eases that have been operated upon for carcinoma elsewhere, even as 
long as twent}’- years before, studies of the chest should be made for 
metastatic involvement of the lungs. Sooner or later a large number 
of patients so operated upon develop malignant lesions in the hmg. 

Finally, the clinical picture of bronchiogenic carcinoma is frequently 
masked by the complications. 
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were similarly normal. An excellent view was otitaineii of tlie right upper Iota 
bronchus. This region presented no inflammatory or neoplastic changes. Tlie 
orifice was shrunk with n^osynephrine and a sponge inserted into the branch to 
the right upper lobe. There came away on tiie sponge a large gelatinous, thick, 
tenacious mucous plug which may well have obstructed this bronchus. Jto further 
positive changes were present. 

On Feb, 18 thoracentesis was done, with the puncture site between the third 
and fourth ribs in the posterior-right side, No fluid was obtained. 

Punch biopsy was done into the mass on Feb. 23. A few shreds of tissue were 
obtained, the microscopic report of which was negative for carcinoma. It was then 
decided that an open thoracotomy' should be done to see if the density was due 
to an abscess. A portion of the third rib was removed posteriorly and biopsy 
taken of the pleura and attached lung. This was examined microscopically and 
the section showed mostly fibrous tissue in which there were areas of round-cel! 
infiltration. This can be interpreted as thickened pleura. There was one small 
piece of lung tissue in whicli there was considerable atelectasis and the fevs' re- 
maining alveoli were filled with phagocytic cells and blood pigment. No evidence 
of neoplasm was seen in any of the sections at hand. The patient became iveaker 
and finally died at his home on Jan. 20, 1938. An autopsy revealed the following: 
The pleural surface of the right lung showed dense, fibrous thickening. The hmg 
was nodular and suberepitaut in consistency. The main brouchus to the right 
upper lobe just distal to its bifurcation was almost entirely occluded, except for 
a minute lumen of about 1 mm., by a firm mass of cellular, grayish-white tissue 
which appeared to rise from the mucosa and which infiltrated into the adjacent 
lung substance for a distance of about 3 cm.^ The branchc.s of this bronchus distal 
to the point of obstruction were dilated and showed a necrotic reddish-purple 
surface, 

3/icroseoi>ic examination . — Sections from the main mass of the tumor described 
grossly showed very extensive necrosis of the tumor about the periphery. Tliere 
were frequent clusters of viable tumor cells. These were arranged in irregular 
clusters and strands and solid, cellular cords. In many places large areas of tumor 
tissue were necrotic, except at the very periphery where there were viable tumor 
cells. Generally the tumor cells were small and undHTei'entiatcd. They formed 
frequent epithelial pearls in places, although it was not possible to demonstrate 
intracellular bridges in the.se areas and it was questionable whether these were 
active epithelial pearls or areas of beginning necrosis. Their appe.arance and (he 
fact that the tumor remained so well confined to the lung suggested that these 
were true squamous epithelial pearls, .-tdjaecnt and supporting coimective tissue 
showed very dense hyaline fibrosis. 


Comments . — The clinical history, sym()toms, and signs al! jtointet] to 
eareinoraa; loss of weight, edema, iiemoptysis, cough, severe pttiii, and 
x-ray. Yet, at no time, in spite of biop.sie.s being made, even with rib 
resection, was carcinoma positively diagno.sed. Thi.s- ea.w is deserilted 
to show how, with ail means at onr commami, the final diagno.sis ;»t 
times is made only at autopsy, altJiough eliniea! sign.s may be s.. <!<*(inite 
that the patient can he treated as having carcinoma of the iung. 

summary a.vd co.Nci.r.sJo.v.s 

' V • ^etnre of carcinoma of the JtJttg is still .so varied that m. 

The eltmc p discovered to fit tlie many types of j/attfoiogie 

definite pattern has observatioti of the patients and 

conditions present. Howe%u, 
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cooi’dinated movement of x-ray tube and film duiina the x r ^ ^ 
sure, with the result that a predetermmed layer m the ho y 
radiographed to the more or less exclusion of the structures^ of 

or below the layer under examination. There are five 
apparatus invented for this purpose, and there have een sun 
fications of some of them. Because of the multiplicity m , 
general term to include all of them should he use . or us ’ 

I have strongly urged body-section radiography as t le si^ne ’ , 
sive term. It is equally urged that the specific terms he ^’^^tricted^ 
the particular type of apparatus or principle used. The spec c 
used for this method of radiologic examination, ^ ® „;„,.aT)h 

appearance in the literature, are; stratigraph (Vallebona )> 

(Ziedses des Plantes^), tomograph (Grossmann^ and Chaou ), 
graph (Kieffer= and Moore«), and the biotome of Bocage. 

Bocage was the discoverer of the underlying principle of ^ . 
radiogiW As far as I can determine, he did not publish a torn p- 

tion of his apparatus until 1938. He ex- 
term be used to cover all the methods of this t>pe o ^ AnsU- 

amination. For this general term he uses the woi i i > a»ree 
eized to radiotomy, because of its etymologica ^ ^ supe- 

with Bocage and consider that the Anglicized form, ra 
rior to any other term so far suggested. 

There are also several improvisations for imparting 
ment of tube and film for this type of , .^sed to 

unfortunate that the terms planigi-aphy and 

describe not only the improvised modification the prmeipH, hut a^o 
types of apparatus other than the indiscriminate 

ness to the investigators in this field f J ^ / ^^pp^,.^tiis or method 

use of specific terms for a paiticuiai p ? nv method 

should not be employed to describe another type of apparatus or method 

from which it radically differs. 

I„ all methods of bodysection .■adiogtopl.y too .s the seot. objee- 
in all metnoas ^ overlying and underlying shadows and 

.ve mmew. Tins s to „„„bstn.clcd. Another 

lea\e a sclccte . ^ possible because minimal con- 

test'tVenStv'irsueh a layer can be brought out. This is called the 
depth of focii; of the apparatus. As a general rule the more com- 
pound the movement of tube and film during exposure the more efficient 
the dispersion of unwanted shadows. With simple attaelunents to 
sfmdavd ecaiipment, body-section radiographs can be made with con- 
siderable success. However, the radiographs are inferior to those pro- 
(luecd with apparatus of mcchanieally superior type. 

It is not propo.sed to describe the dirferent types of apparatus used 
for hody-seetion radiography or to discuss the mechanical and mathe- 



BODY-SECTION RADIOGRAPHY IN SIALIGNANCY OP THE 
LOWER RESPIRATORY TRACT 
Sherwood Moore, M,D., St. Louis, Mo. 

(From the Edward Mallmekrodt Institute of Sadiotogy, Washington, University 

School of Medicine) 


ANGER of the lung is of more frequent occurrence tlian is generally 
supposed. It comprises from 5 to 10 per cent of all cancers and 
is about equal in incidence to cancer of tiie rectum. In fifteen years 
in the Chest Service of the Washington University Medical School there 
have been 400 cases of bronehiogenie ciireinoma. 

An unfortunate feature of pulmonary cancer is the fact that in the 
neighborhood of 85 per cent of the eases are advanced and, from the 
thex'apeutie standpoint, pi'actically hopeless, because of distant metas- 
tases, such as to the supraclavicular lymph nodes, brain, pleural implan- 
tations, mediastinal involvement indicated by paralysis of the recur- 
rent laryngeal, or phrenic nerves. Under these conditions radiation 
treatment offers little except palliation, and surgery, nothing. 

With the rapid development of thoracic surgery of the past few years, 
surgical excision by lobectomy or pneumonectomy can be carried out 
for pulmonary cancer with brilliant results, providing a sufficiently 
early diagnosis has been made. As a choice between radiation treat- 
ment of early cancer of the limg and its surgical excision, there can 
be but one, and that is excision. Taking aU types of cases of the 


surgical attack on pulmonary carcinoma, the mortality rate is in the 
vicinity of 30 per cent of the cases operated upon, and results are 
steadily and constantly improving. In ten successive examples of 


pneumonectomy and lobectomy for pulmonary carcinoma there was 
only one operative death. Operative technique has improved to the 
point where the hospitalization and postoperative care are being con- 
stantly bettered, aird the patient is being restored to his normal occupa- 
tion in a shorter time than previously. It has been stated that approxi- 
mately 65 per cent of all cases of intralumenal, bronehiogenie carcinoma 
can be diao-nosed and located by symptoms, physical signs, bronchog- 
raphy and^bronehoscopy. This figure seems too high. It may be true 
for the lower half of the lung, but there could scarcely be such a figure 
f • the upper half. There is no selectivity of location of cancer in 
these two scetors ol the tog. Any means whieh will old in the dmeov- 
, nf the early occluding lesions should materially reduce the 35 per 
Avhich caiurot be accurately diagnosed by the means mentioned, 
cent w a;n<rl•^nhv should reduce the remaining 30 per cent. 

Body ^ principle of body-section radiographj^ lias been de- 

The under > a consists in employing a propm-ly 

veloped only m the past ten ^ 



MiUjtGNAXCY OP lower 


respiratoky tract 


927 


l>i;OORE : 







MOOBE; MALIGNANCY OF LOWER RESPIRATORY TRACT 


920 



Fi«. 1.— .1. C'onvi'nilonal lUm of chest. Massive InlUinxUon. upper lohe of left 
hin«*. V. •. V’ppor arrow points to obstruction of the brunch to the upper 

lob.' wlo ir It turns jKi.^ti rlorly. Lowor arrow InUlcates lowvr Jobe bronchial branch. 
Nut*‘ ubM iuN* of bioiu'hhil bruiu'h»‘s In upaQui* ar«,’;u UnconihmieU. 
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matical principles in%'olved. The reader is referred to the publications 
of Vallebona/ Grossmann,® Chaoul/ ^indrews,* Kieffer,® iloore,® Bocage/ 
and others. 

Prom what has been said, it follows that body-section radiograpliy 
is of greatest use anatomically where there is a maximum superimposi- 
tion of structures and, on the contraiy, is of least value when the oppo- 


A. 



H>;. --.I rajtjiy. nillijk' of th»>‘ nr.». »» t » 

I.:.inln:.Kni,)l,. T.-ni,ln.-.U.,n ..f l..ft nmiii broiu-hu" ~vUh Ui'uil at.-b r,-! ^ 
nninchloK' iilr carcinoma conOniicj by operation. alclucUisis. 
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amination that it may discover malignancy where other methods, such 
as bronchography and bronchoscopy, or a combination of the two, have 
failed. The method has been of particular value in the upper portions 
of the lungs which are always difficult to examine by bronchography 
and are inaccessible to the bronchoscope. It should be said that body- 
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site is the case. Also, its luaximum value would be where there is the 
luiniiuuin amount of density contrast present in the layer under investi- 
gation, This applies in pathologic states if a pathologic process pro- 
duces unwanted shadows which obscure the region under investigation 
or the process is one which produces only nrinimal contrast in density. 



*i .rti rtitti nf £*ht**tt Art\t of fn tho hint;, Ariow 

Fig. ’^•r'‘--.£ft'!m>”of°bronchu.s to at.-l<-<t:itl<- .-.r.-.i. H. Aii.ov in.l). ot. •. . 
ln‘’the‘Tun^'"Bro>>°h^ carcinon.a con(lrn..-.l by 

” Body-section radiography is of the trreatest vob... i„ .he exanunalu.,. 

^ ^ tract All invest igaltirs reixirt it <>. value in uilei 

of the chronic nature of the respiratnry tract, jiartieolarh 

tious process indicates that it is »f cpial value ne... 

in the lungs. further a.haiitatre of this iiietho,! oi ex 

plastic disease, 'iheri. 




EESpmi™®^ I"*® 

OP »-« 3„„i 

...j:..-:S=r:r“rr--S 

is-s:‘s “=;' ss* Sss =ss 

„t the togs tthe bronchoscope. ^ 

a„d are maccessiMe 



, ,. itiius- U. \amlnaKn‘Pl' 
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section radiography does not supersede these methods of examination 
but should be considered as complementary to them, 

Laminagraphic examination of the lower respiratory tract can bo 
invaluable in cases where other metliods of examination ai’e negative 
or ineonelnsive. This presupposes a standaz’d radiographic examination. 
The suspected area is measured from the film oi' estimated undez’ the 
fluoroseope, and a series of laminagrams is made in a ventrodorsal or 
dorsoventral position, dependizzg on which will put the suspected ai'ea 
nearest the film. For a lateral view, if it is desired, the patient is 
placed on the side which will brhig the lesion nearest the film. Our 
pi'aetiee has been to make films at each centimeter of depth through 
the suspected area. It should be said, incidentally, that the lateral 
projection is chiefly useful in the investigation of the znediastinnm. 



The larainagraph can clearly reveal the traehe<auom-lual tnr ami 
^ small as 3 to 4 iiuii. izi diameter have la'cn .shown 

bronchial /pj„ o), iinpinuement <.r distortion (Fi^'. 3). 

""it r«r:bstr«etio (Fig.s. 4. 3. and 6, have been 
and termmatio po.s.sible. by varying the exj.osure.s, 

clearly shown, i respiratmw tree, l.ut this has not been 

to separate the sascioe 
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any great consistency. Intralnmenal obstruction from tumor 
with atelectasis distal to the point of obstruction has been clearly shown. 
In cases where carcinomatous infiltration has been diffuse, absence of 
bronchial bi’anches has been shown, and dislocation of branches in the 
adjacent, healthy lung has also been revealed (Fig. 1), Of course, this 
applies to Avhat may be termed early eases, or rather, those in whieli 
suppuration and abscess formation have not occurred. Very early 
excavation through abscess formation has been shown in an area of 
atelectasis ;in,. a case of bronchiogenie carcinoma confirmed by autopsy 
(Fig. 7). ■PerihihuMncrease of density, thouglit to be due to pulmonary 
tumor, has been shown to be of vascular oi'igin (Fig. 8). Narrowing 
of a main bronchus through an infiammatory process in its wall has 
been shown and confirmed bj’ bronchoseopic biopsy. An earl.v broneliio- 
genic carcinoma (Figs. 9, 10, and 11) confirmed by lobectomy has 
been shown when tliere was some doubt following bronchography. 

Mediastinal tumors or those near the midline have their true location 
and their point of origin i-evealed with suitably made laminagrams. 
Oceasionallj’' in eeihain standard films of the mediastinum, when a malig- 
nant tumor was thought to be present, the laminagraph has revealed 
an entirely different structure (Fig. 12). 

In approximately two years’ time there have been ninety-nine tumors 
of the lower respiratory tract. Of these, twenty-six have been investi- 
gated with the laminagraph, the aid from which lias been invaluable. 
There is every reason to suppose that, with growing experience with this 
method of examination, far earlier diagnoses of malignant tumor of 
the lorver respiratory tract can be made to the conscriuent benefits of 
these unfortiuiate patients. 
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BRONCHOSCOPIC DIAGNOSIS OP BRONCHIAL CARCINOl^IA 

Paxil Holinger, M.D., Chicago, III., amd David B. Radner, 3I.D., 

Honolulu, Hawaii 

(From the Universiti/ of Illinois College of 2ledicine and St. Luke’s Hospital, 

Chicago, III.) 

P RI^klARY carcinoma of the bronchus has been diagnosed with rapidly 
increasing- frequency during the past decade. Available evidence 
demonstrates that, although there is an actual increase in the frequency 
of this disease, accuracy of diagnosis, made possible by the roentgen ray, 
the bronchoscope, and thoracic surgery, also emphasizes an apparent 
increase in incidence.^'^ The bronchoseopie diagnosis of bronchogenic 
carcinoma is based upon the interpretation of pathology revealed by a 
direct inspection of the tracheobronchial tree. Thus the bronchoscope 
is merely a tracheal and bronchial speculum, permitting visual or instru- 
mental examination of otherwise inaccessible portions of the air pas- 
sages. The purpose of bronchoscopy as an aid in the diagnosis of broncho- 
genic carcinoma is fourfold; (1) to study the character of the lesion; 
(2) to note accurately its location and determine its extent along the 
bronchial walls; (3) to secure tissue for biopsy and thus reveal the 
exact nature of the groxvth ; and (4) to aid in determining operability 
by noting evidence or lack of evitlence of metastases. These points will 
be discussed in detail later. 

The indications for inspection of the tracheobronchial tree can be 
listed symptomatically or iiy the types of pathologj' elicited by physical 
examination or x-ray. No physical signs are diagnostic or even char- 
acteristic of new growth,^ but tlie most frequent symptoms, cough, 
hemoptysis, or a wheeze, demand thorough investigation to determine 
the character of the underlying pathology. Oiiviousiy, since symptoms 
dejiend upon the location and extent of the lesion, they may be entirely 
absent, as in a very small early lesion on the wall of a major bronchus. 
Or they may be exten.sive and still be caused by a relatively small lesion 
okstrueting a major bronchus. As Ochsuer and DeBakey* state: “There 
are few or no symiJloms in the early course of bronchial carcinoma. 
Generally, the symptoms arc not produced by the neoplasm itself, but 
are due to secondary changes resulting from its presence.” 

When roentgen iindings siiggost bronchial obstruction, otherwise un- 
explained areas of pneumonitis or gross suppuration, the indication for 
hronehoseopy is obvious. As Jackson and Konzelmanir state, bronchial 
ob.stnietion is the most cardinal indication for diagnostic bronchoscopv. 
According to various .studies.''- ' over 80 per cent of the neoplasms orig- 
inate in the major bronchi, and it is significant to note the earliest .symp- 
toms w ill not be accompanied by signs of bronchial obstruction which 

lUcvlM-a tor niUiUcuilon. February “Jl, I'JtO. 
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could be demonstrated roentgenologieally. Westemarlc® says tliat 

cancer of the bronchus does not show directly in the roentgenograms 
until it is in a very advanced stage.” Bronchoseopic e.xamiuation, there- 
fore, is indicated when symptoms of an unexplained cough, hemoptysis, 
or a wheeze are present in spite of a negative roentgen examination.’’’ 
Only in this manner can an early diagnosis be made. To wait until the 
suspicion is confirmed more positively roentgenologieally or by means 
other than direct inspection results in a diagnosis established too late to 
aid the patient. 

Pulmonary suppuration is the second most constant finding associated 
with an endobronchial neoplasm. The suppuration, in fact, is frequently 
so predominant that the neoplasm may be entirely overlooked. Findings 
of a drowned lung, single or mnitiple lung abscesses, or bronchiectasis are 
often secondary manifestations of a bronchogenic carcinoma, caused not 
only by the erosion of the neoplasm, but more frequently by the bron- 
chial obstraction. 

Hemoptysis requires as thorough a search for its source as is made by 
the urologist in eases of liematuria. Gross liemoptysis, of course, defi- 
nitely contz'aindieates bronchoscopy. In early lesions zvith only occa- 
sional streaking of sputum, howevei-, the small stream of blood may be 
followed to its source to reveal the location of the neoplasm. Peinplieral 
turaoi’s may be revealed sjnnptomatieally only by occasional slight 
hemoptyses, vague chest discomfort, or pain due to pleural irritation. 

The indispensability of the bronchoseopic examination in all cases of 
suspected bronchogenic carcinoma and of obscure pulmonaiy pathology 
is now well recognized bj’- internists and surgeons. The accuracy of tis- 
sue diagnosis and the information gained to determine the operability 
of the tumor stimulate the bronchologist to study the lesion from a num- 
ber of aspects. 

Character of the Lesion. — Jaclvson*' pointed out that there are three 
types of tumozs which manifest themselves by bronchial obstruction : 

(a) endobz’onehial, the tumor itself hanging free in the bronchial lumen ; 

(b) peribronchial, the tumor pz’odizeing a thickening of the bronchia! 
wall, thus producing obstzmetion ,• and (c) exti’ahronchial with endo- 
bronchial intrusion, the tumor compressing the broncluis to occlude it 
paz’tially or completely. 

.tUl three types of tumoi’s produce identical symptoms of broiicliial 
obstiTzction. They manifest themselves physically or roentgenologieally 
by a wheeze, obstructive emphysema, or atelectasis, and direct inspec- 
tion is necessary to study the character of the growth. These findings 
are identical to those produced fay foreign bodies in the trachcobron- 
cliial tree and briefly miglit be mentioned. 

If tlie lumen of a bronchus is constricted partially, by an intrabion- 
chial grou’tli or by extrabronchial compression produced by a tumor, 
and ah- can pass the obstruction on inspiration and e.xpiration, x-ray 
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findings axe negative. On physical examination, however, a wheeze is 
heard at the open mouth and throughout the chest and is loudest over 
the point of obstruction. As the tumor grows, the obstruction increases 
and air becomes trapped in the portion of lung distal to the obstruc- 
tion, due to the slight increase in the diameter of the lumen of the 
bronchus on inspiration, which permits air to pass the obsti’uction. On 
expiration, the bronchial wall collapses around the tumor, whereby air 
cannot leave that portion of the lung. The roentgen picture then is 
negative if the film is taken, as most are, at deep inspiration. A film 
taken during complete expiration, however, shows a marked shift of the 
heart and mediastinal structures away from the side of the lesion and 
a stationaiy depressed diaphragm on the ajfected side. 

Complete occlusion of the bronchus by the tumor results in atelectasis 
as the air is absoi’bed beyond the obstruction. The heart and medi- 
astinum are displaced toward the lesion as they are draivn into the 
dense atelectatic area to produce the chax’aeteristic picture. 

Location of Qroivtli and Extent Along Bronchial Walls . — Physical 
examination and roentgen teclmique have become so accurate that the 
exact location of a bronchogenic carcinoma is made frequently prior to 
direct visualization of the tumor. This diagnosis is reached by deter- 
mining the degree and extent of bronchial obstruction. Endoscopically, 
however, the tumor often is found invading the bronchial walls far 
above the point of complete obstruction. This may be determined only 
by direct visualization. 

Biopsy . — The most important function of the bronchoscope in estab- 
lishing the diagnosis of bronchogenic carcinoma is the obtaining of tis- 
sue for biopsy. Sufficient tissue in the majority of cases can he removed 
with forceps to permit satisfactoiy study and classification of the tumor. 
In this manner an increasingly high percentage of cases is correctly 
diagnosed. In a series of 300 cases, Kramer and Som^= proved tlie diag- 
nosis by bronchoscopic biopsy in 222, or 74 per cent. ClerP» obtained 
a positive tissue diagnosis in 98, or 68.5 per cent, of 143 proved eases 
of bronchogenic carcinoma. In Jackson’s^* statistics bronchoscopic 
biopsy was possible in about 75 per cent of the cases of bronchial car- 
cinoma, and OverhoIt'“ obtained a specimen for microscopic study in 
28 of the 32 cases of his series. 

The bronchoscopic picture is extremely variable. In early lesions a 
small stream of blood may lead to an eroded area from wliich tissue may 
be removed to reveal the identity of the tumor. The blood itself is 
aspirated, collected, centrifuged, fixed, and sectioned. It oeeasionally 
establishes the diagnosis when the tumor itself is too small or too deep 
in the periphery to be reached with forceps. 

More frequently, however, the bronchoscope demonstrates a verrucous, 
friable, soft mass completely obstraeting the lumen of one of the main 
bronchi. It oeeasionally is covered with exudate. Tissue easily can b$ 
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teased oft this mass with forceps used for removing ball bearings or 
beads from the air or food passages.® These forceps are preferred to the 
sharper cutting tj-pe because tliej'- caxrse less bleeding. Should the 
tumor be very firm or infiltrated, there is no contraindication to the 
use of the cutting or tissue-biopsj' type of forceps. 

The more advanced type of lesion is accompanied by copious quan- 
tities of sanguinopurulent secretion. The bronchi are distorted, the 
walls irregular and freely bleeding, and the true obstruction is a friable 
mass. Large pieces of tissue can be removed for biopsy and the patient 
relieved temporarily by aspiration of the putrid material beyond the 
obstruction. In these eases, however, as Lederer'® suggests, the element 
of danger from hemorrhage must be kept in mind. Occasionally at tins 
stage the destruction of tissue confuses the picture by profuse bleeding, 
pus, and granulation tissue. Kepeated bronchoseoixies may be neces- 
sary to get tissue representative of the tumor itself and not alone of 
the peripheral inflammatory zone® to establish the diagnosis. 


Special endoscopic, problems arise from tumoi's in the upper lobe 
bi-onchi. Should an atelectasis of an entire upper lobe occur, the tumor 
in many instances protrudes from the upper lobe orifice. As the upper 
lobe bronchus leaves the main bronchus on the rigJit side at an angle of 
90 degrees and on the left side at about 70 degrees, liowevcr, a tumor 
1 cm. within the orifice seldom can be inspected direetl.y, especially be- 
cause the bronchial walls arc made I’igid by neoplastic iin-olvoment and 
in many instances will not permit gentle manipulation with the lip of 


the bronchoscope to give adequate e.xposure. These angles, furthermore, 
are made more acute if the lobe be.yond the point of obstruction is 
atelectatic, thereby tending to pull the bronchus further toward the 
apex. Thus other aids, sucli as an artificially induced pneumothorax, 
are needed to release the distorted bronchus and bring it further into 


the direction of the main bronchus, facilitating its entrance Avith tlio 
bronchoscope. This procedure was xised by Arbuclcle to obtain the 
biopsy in xvhat later proved to be the first ca.se of successful pneumo- 
nectomy for bronchogenic carcinoma.’® 

Inspection of the xipper lobe bronclii is facilitated further by tlie use 
of a retrograde telescope or retrograde mirror. The use of these instru- 
ments is hampered by the condensation of moisture on the glass sur- 
f By hcatiim them thoi-onghly first or coating the siirraee.s with 
special oils, very s'xtisfaetory olxservations may be made. 

Wlnoroscopy as an adjunct to the bronehoscojfic procedure is routmel.v 
i • AonVm^ with certain types of bronchopulmonary foreign bodies, 
used m = dealing xvitli foreign bodies in the peripheiy of 

This IS espec ^ J i hecome so small tliat the use of broneho-scopcs 

the lung enomdi for direct vision is impossible. Biplane fliioras- 

withlnu™‘''\“^°‘^ rr, jj. ,„av aid in guiding forceps into the 

copy is then mdispemabk. 
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costoplirenic angles or upper lobe bronchi in search of tumor tissue for 
biopsy when the tumor lies in a branch bronchus beyond the scope of 
dii’eet vision.”' 

Failure to obtain a positive biopsy in eases later proved, either sur- 
gically or at post mortem, to be bronchogenic carcinoma frequently inaj* 
he attributed to the nature of the malignancy. The rigidity of the bron- 
chial tree or the traeliea adjacent to a tumor may make it impossible to 
advance the bronchoscope to the endobronchial portion of the tumor. If 
the bronchial compression of a tumor collapses a bronchus proximal to 
the endobronchial invasion of that tumor, liiopsy cannot be obtained 
without danger of penetrating tissue. The deformity and 

rigidity, of course, help indicate the clinical diagnosis of cancer, 
and add to the information gained fi’om x-raj' and physical examination 
in establishing the diagnosis. 

Aid in Determining OperahiUty . — ^Bronchoscopy may he repeated if 
findings of questionable significance present theraseh’es,^® or if the 
biopsy reveals no positive tissue. But valuable time should not be lost 
waiting for endobronchial evidence of a tumor if other features strong^" 
indicate a malignancy. 

Besides actually inspecting the endobronchial tumor and noting its 
character, exact relationship to surrounding structures, and its extent 
along a bronchial wall, certain features in the hronchoscopie appearance 
of the remainder of tlie tracheobronchial tree are of great importance. 
As Jaelvson and Konzelmann“ state: “Perhaps a little too much em- 
phasis has been placed upon positive biopsy in the past. Certainly 
biopsy material, when obtainable, should be carefully studied, but we 
must not concentrate our attention so closely on biopsy as to neglect the 
other aspects of the bronehoscopic and clinical pictui-e. If the acces- 
sible portions of the tracheobronchial tree are found entirely negative, 
so much the better; the surgeon Imows that in such a case he can ampu- 
tate any of the larger bronchi and not leave tumor tissue behind, though 
he must proceed with no Imowledge of tiie liistopathologic character of 
the lesion and rely solely on the clinical diagnosis.” Enlargement of 
niediastinal glands is detected by a thickening at the division of the 
trachea. This area, the carina, is usually sharp, regular, and freely 
movable. "With mediastinal nietastases, the earina becomes thickened, 
irregular, and fixed. Should these finding.s be pres.nt, lobectomy or 
pneumonectomy, of eouree, is contraindicated. 

Direct or indirect inspection of the larvuix frequently gives valuable cor- 
relative information. Hoaraeness, produced by a paralysis of the left 
recurrent laryngeal nerve as it passes under the arch of the aorta, is 
almost always present in late, left-sided bronchogenic carcinoma. It is 
not an infrequent early sign and has occasionally been the first svmp- 
tom of whicli the patient complams. Paralysis of the right voeal cord, 
a much less frequent finding, indicates, in eases of apical tumoi-s on the 
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teased off this mass with fox’ceps used for removing ball hearings or 
beads from the air or food passages.® TJieso forceps are. preferred to the 
sharper cutting type because they cause less bleeding. Should the 
tumor be very firm or infilteited, there is no contraindication to the 
use of the cutting or tissue-biopsj' type of forceps. 

The more advanced type of lesion is accompanied by copious quan- 
tities of sanguinopurulent secretion. Tlie bronchi are distorted, the 
walls irregular and freely bleeding, and the true obstruction is a friable 
mass. Large pieces of tissue can be removed for biopsy and the patient 
relieved temporarily by aspiration of the putrid material beyond the 
obstruction. In these cases, however, as Lederer” suggests, the element 
of danger from hemorrhage must be kept in mind. Occasionally at this 
stage the destruction of tissue confuses the picture by profuse bleeding, 
pus, and granulation tissue. Repeated bronchoscopies may be neces- 
sary to get tissue representative of the tumor itself and Jiot alone of 
the peripheral inflanimatoiy zone® to establish the diagnosis. 


Special endoscopic, problems arise from tnmois in the upper lobe 
bi'onehi. Should an atelectasis of an entire upper lobe oeenr, the tumor 
in many instajices protrudes from the upper lobe orifice. As tlio upper 
lobe broncluis lea\’es the main bronchus on the right side at an angle of 
90 degrees and on the left side at about 70 degrees, however, a tuinoj' 
1 cm. within the orifice seldom can be inspected directly, especially be- 
cause the broncliial walls are made rigid by neoplastic involvemeiit and 


in many instances udU not permit gentle manipulation witli the lip of 
the hrouchoseope to give adequate exposure. These angles, furthej-more, 
are made more acute if the lobe beyond tlie point of obstruction is 
atelectatic, thereby tending to pull the bronchus further toward the 


apex. Thus other aids, such as an artificially induced pneumothorax, 
are needed to release the distorted bronchus and bring it further into 
the direction of the main bronchus, facilitating its entrance with tiio 
bronchoscope. This procedure was used by Arbuckle to obtain tiic 
biopsy in what later proved to be the first case of successful pneumo- 
nectomy for bronchogenic carcinoma.*® 

Inspection of the upper lobe bz-onebi is facilitated further hy the iz.se 
of a retro'^rado telescope or i-eti-ograde zniiTor. The izse of these izislni- 
TiiPzits is Lmpered by the conden.sation of zzzoistziz-c ozz the glass siiz-- 
Bv lieatin" them thoi-oiighly fzz-st or coating tlie siirhiees with 
reiii! oi, si>listaeto,..v otec-vali..,., h- 

^ adiunct to the b:-one]io.seopie proeedni'o is nnitnifly 

wS VI*' OJ 

izsed m de = dealing with foi-eign b.clics m flu; j)ei-j|)hcry ot 

This IS espec <. > , ,|,i become so small that the use of hi-onehoscopcs 

the lung where jjjj-ect vision w impowible. Hi/ila/ie ilwoz-o.s- 

witb hunina large e ^ guiding' forceps into the 

is then indispcnsablv. 
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diathermy. Vinson and Bowing-* first described the value of this type 
of therapy which, in certain selected cases, is of definite value in the 
treatment of primary carcinoma of the bronchus.**' 

A more recent type of endobronchial therapy directed bronchoscop- 
icaUy is the implantation of radon seeds or radium directly into the 
obstructing tumor. Although the results have been palliative in most 
instances, a few exceptions should be mentioned. Negus,-* Kernan,““ 
Ormerod,-® and others have reported clinical cures by the use of this 
method together ivith the use of surgical diathermy. It should be noted 
that in most of these eases the biopsy revealed the tumor to be an adeno- 
carcinoma. 

The bronchoscopic insertion of tubes containing radon has been sug- 
gested by Soulas,=“ von Eieken,*® Negus, and others. More reeentlj^. 
Pressman and Emery®* have devised an applicator for the implantation 
of radium needles directly into the bronchus to remain in place tliirty 
to sixty-five hours. A preliminary pneumothorax was of definite advan- 
tage in this latter type of therapy. 

Clinical cures of bronchogenic carcinoma through the use of any or 
all of these bronchoscopieally directed methods of therapy are significant 
and frequent enough to suggest their use in selected cases otherwise 
inoperable. 

CONCLUSIONS 

1. The purpose of bronchoscopy as an aid in the diagnosis of bron- 
chial carcinoma is fourfold: (a) to study the character of the lesion, 
(b) to note its location and extent along the bronchial wall, (c) to secure 
tissue for biopsy if the tumor can be visualized, and (d) to aid in de- 
tennniing the operability of the tumor. 

2. Bronchoscopic examination of the tracheobronchial tree is an indis- 
pensable aid in establi-shing the differential diagnosis of pulmonary 
pathology. 

3. The treatment of bronchogenic carcinoma, primarily surgical in 
suitable cases, may be carried out endoscopically in certain instances by 
the use of electrocoagulation, radon, or radium implantation. Although 
several recoveries have been reported by these methods, they are, for 
the most part, palliative. 
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right side, that invasion or compression lias progressed to a point under 
the right subclavian artery. This again corroborates evidence of 
extension. 

Another important role of bronchoscopy in relation to bronchogenic 
carcinoma is the establishing of the differential diagnosis. Any type of 
bronchial stenosis, whether produced by tuberculosis, foreign bodies, or 
bronchiectasis must be considered.-* Am inflammatory lesion, such as a 
lung abscess, may be accompanied by marked proliferation of granula- 
tion tissire. Bronehoscopicallj'^ removed tissue from this area is the only 
method of establishing whether the abscess is secondary to a carcinoma 
or is entirely inflammatory in character. 

Tuberculosis, often most difficult to diagnose, especially hr its in- 
cipient stage, may produce S3Tnptoms of eotigh, hemoptysis, and loss of 
weight wlrich are sufficient to make the diagnosis of trrberculosis, in spite 
of a negative chest x-ray or sputum examinations repeatedly negative 
for tubercle bacilli. Bronehoscopicallj'’ aspirated secretiorr maj^ siiow the 
bacilli, but, what is more important, an early carcinoma may be discov- 
ered. Only b}’' making eardy differential diagnoses eair cases favorable 
to surgery be discovered. 

Benign tumor-s of the bronchus offer another problem in diagnosis 
which can be settled only bj' mieroseopie e-vamination of the tissue. The 
bronehoscopic appearance of a benign lesion is frequent!}' quite char- 
aeteristie, but, as in dealing with any tumor, the gross appearance can 
be relied upon orrly in a small percerrtage of cases. 


Bronehoscopic Therapy . — ^A remarkable disproportion O-sists, as 
Cler-f*® states, between the large number of i-eportcd cases of primary 
carcinoma of the bronchus and the small group tliat ha.s been success- 


fully treated. The surgical excision of a carcinoma is recognized as the 
therapeutic procedure of choice when feasible. The growing list of 
patients treated successfully in this manner represents a surgical acl- 
%'ance only in the experimental stage a little more than five yeai-s ago. 
Certain endobronchial tumors fall hito a borderline cla.ssifieation that, 
though histologically frequently reported as carcinomatous, clinically 
reacts as benign growths. The bronehoscopic treatment of tlie.se tumors, 
as well as frank malignant growths otherwise inoperable, initiated an 
interesting phase of hronchologj' directed toward the re-estahli.shmcnt 
of the bronchial lumen and efforts to keep it patent. 

Forceps removal of a benign bronchial tumor was de.scrilHHl first by 
in 1907." Later Jack.son removed a tumor from the right 
u bv the sauic method. The tumor removed by von Idielteii 

„,ambroneteb^ removed by Jackson was regarded, patho- 

was considered ben. n obsfrni-ti.m a 

logically, as J ‘ njethod of re-e.stablis)uiig tin- lumen. Tlie 

bronchus IS a technique, however; e.ouse- 

qTentfy^it has been supplanted to a large degree by the use ot surgical 



DIAGNOSIS OF MALIGNANT LUNG TUMOES BY ASPIEATION 
BIOPSY AND BY SPUTUM BXAiMINATION 

Lloyd P. Graver, M.D., New York, N. Y. 

(From the Memorial Hospital) 

A CAEDINAL princiiole today in the treatment of malignant tnmors 
is that a biopsj'' demonstrating the presence of a malignant tumor 
should be obtained if possible before radical treatment is instituted. 
In the case of certain deeply situated tumors it may be difficult by or- 
dinary means to secure a biopsy. Cancer of the lung furnishes an ex- 
ample of the difficulties which a clinician may encounter when he wishes 
to obtain histologic proof of the malignant nature of a tumor before 
subjecting the patient to radical treatment. 

To those who have had a true cross-sectional experience in diagnosing 
cancer of the lung, it is perfectly obvious tliat histologic proof is the 
only proof of this disease. There is no roentgenologic or bronchoscoi^ic 
appearance that in itself can be claimed to be pathognomonic of cancer 
of the lung. A strong suggestion, or even a near certainty, of a diag- 
nosis of cancer of the lung, based on the appearance of routine roentgen 
films, tomograms, lipiodol films, or fungating ulcerated lesions seen 
through the bronchoscope, cannot compare with the assurance gained 
by identifying cancer on a microscopic slide, when it comes to deciding 
for or against pneumonectomy or intensive roentgen therapy. Either 
the modern surgical or the modern radiological treatment of cancer 
of the luirg is such a radical procedure, and so hazardous to the patient, 
that it should not be undertaken without good evidence of its necessity. 

A belief that early diagnosis of a very high proportion (90 per cent) 
of primary carcinomas of the lung should be possible by means of the 
bronchoscope can only reflect an experience that is one-sided and that 
has missed some aspects of the disease. There is even a considerable 
group of bulky hilar or mediastinal tumors, primarily bronchiogenic, 
which on routine roentgen examination would seem to offer every like- 
lihood of positive bronchoscopic biopsies, yet which may present com- 
pletely negative findings bronchoscopically. There is certainly a large 
group of primary bronchiogenic carcinomas, increasingly recognized 
now, in which the lesion lies far out in the lung field or in the upper 
lobe, beyond accessibility for bronchoscopic biopsy. 

Confronted with such examples of bronchoscopically inaccessible luu" 
tumors, the thoracic surgeon in general is inclined to explore through 
a thoracotomy. This procedure requires admission of tlie patient to'^a 
hospita l and subjects him to the risks of a major operative undertaking 
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• It should be noted that only one of the tlioracotomies was done at Aleiiioriai 
Hospital. All the rest were done elsewhere, before the patient was referred to this 
hospital. 
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lesion as being unilateral, a straight lateral view, with the film on the 
affected side, is made at the same time. A preliminary fluoroscopy may 
be of considerable aid in determining which views to make, and barium 
swallowing may be indicated in some eases to aid in ruling out esophag- 
eal primary lesions; in demonstrating external pressure on the esoph- 
agus by a tumor of the lung; or to aid in excluding aueuiysm, cyst, 
or other causes of intrathoracie tumefaction. 

If the lesion as portrayed roentgeiiologically seems not entirely in- 
consistent with bronchiogenie carcinoma and the history and physical 
findings also lend support to that diagnosis, the usual next step is 
bronchoscopy. We nou' usualty prefer to do bronchoscopy in all cases 
suspected in any way of being cases of cancer of the lung, even though 
the appearance of the films may not make it seem likely that the lesion 
will be accessible to the bronchoscope. We do so beeairse occasionally, 
even in such cases, the bronchoscopist may obtain a positive biopsy, 
or at least may give helpful information about sv\cl\ points as the pres- 
ence and location of bronchial distortion or fixity or the presence of 
blood or pus in the bronchial tree. Another motive at present is, 
frankly, a desire to put on record additional eases of proved cancer of 
the lung in which bronchoscopy cannot obtain a positive biopsy, in 
order to be able to aid in establishing a better general concept of the 
problems involved in making a diagnosis. 

Naturally, if bronchoscopy yields a positive biopsy, the diagnosis 
can be regarded as made with reasonable certainty and aspiration bi- 
opsy need not be employed. To give proper credit to bronchoscopy, it 
must be said that, in general, the positive biopsies so obtained can be 
interpreted more readily as to grading of degree of malignancy and 
as to cell type than can be done with the immediate smears of material 
aspirated from a lung tumor by a needle. On the other hand, however, 
sectioning of the clot frequently obtained in the process of aspiration 
biopsy may yield histologic sections of a much better quality than the 
crushed scrapings which are all that may be obtained in some cases by 
bronchoscopy, and in some instances these clot sections are mdistin- 
guishable from regular sections such as are obtainable by thoracotomy 
or from autopsy material. 

If, as so ofteir happens, despite unimpeachable technique, no positive 
biopsy can be obtained by the bronchoscopist, we then have to con- 
sider whether it is feasible to do an aspiration biopsy. This problem 
is comparatively easy in the ease of bulky peripheral masses, especial]}' 
those that arc well delimited and look solid. In these eases it is easy 
to select the best site for insertion of the needle, aitd, in fact one mav 
have a choice of more than one approach. In many other instances, 
however, more information is needed about the best site for aspiration' 
than is available from routine chest films alone, and this information 
may have to be built up from several sources. One has first to review 
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t-vble m 

Modes op Ixtravitam Diagnosis (in Drepakatiox foh Theatjievt) 

OP 173 Cases of Pkiaiaky Carcinoma op Lung 

OF CASES 


Thoracotomy ~ ~ ~~ — — — 

Expectorateil tissue (addeii confirmation by this means in 2 cases) 0 
Bronchoscopy gg 

Aspiration biopsy from lung g.} 

Aspiration biopsy from rib (directly invaded bv the lung tumor) 1 
Excision or aspiration biopsy of lymph nodes (added confirmation by this 
means in a other cases) 7 

No tissue during life (all subsequently confirmed by autopsy) 15 

Tofal 175 


It will be noted in Table III that in 64 cases, or 36.6 per cent, the 
intravitam diagnosis was based on aspiration biojisy from the lung. 
By reference to Table lY it may be seen that in the years 1935 to 
July 1, 1939, aspiration biopsy accounted for 51.6 per cent of all the 
cases regarded as liistologically proved. 


Table IV 


Aspiration Biopsies vs. Br.ONCiio.sropiEs (liWu to lOib'i) 



ASPinATIOX 

BIOPSY 

BRONCHOSCOPY 

OTUSa .METIIOnS 
oil PltOVKD 

OXLY BY 
AUTOPSY 

TOTAL 


9 

10 

.) 

21 

1936 

10 

8 

o 

20 

1937 

15 

4 

») 

21 

1938 

13 

9 

o 

24 

1939 

(to July 1) 2 

4 

(> 

*) 


Totals 49 

.‘*5 

It 

95 

Percentage 5J.(> 


11.(1 

100.0 

JIODES OF APFROACU TO 

DIAOXOSIS OF 

LWSCKK OF the I.I 

NO 


In setting about to confirm liistologically a diagnosis of cancer of 
be Inu"’, certain preliminary examinations arc (luitc essciilial. First of 
ill a careful liistory should lie taken, noting as aceiiralely as possible 
lie chronology of symptoms and any eliologic factors that eoiih! ho 
considered to have a bearing on llie ease. The usual complete physical 
Examination is important, particularly ivith reference to signs of meta.s- 
E-ises or extensions of the disea.se. Su<-h points as pali-ahle tracheal 
teviatiou supraeluvicnlar or axillary Jym,.li node metastases, tnmetae- 
^ 1 ,1 i-ilw Horner’s sviulrome. signs of lliiid, eiitaiieoii.s or 

,io„ ot of l»m. 

distant jnipi ^ „,,d, Ih- 

;netastases, and dilateii 

obscried and no j,„stei(..'iiitei i..r .-reet ehe.st liim at 

The usual next Mcp • jj,,. 

2 DI. distance. H on 
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ture in the middle of the area of increased density and in several such 
cases positive biopsy has been obtained from such “blind” aspirations. 

If there is an accessible metastatically involved lymph node, it seems 
good practice to remove it or at least to obtain an aspiration biopsy 
from it first, so as to prove the existence of cancer; but it is often dif- 
ficult for the pathologist to state eonclusivelj' whether cancer so identi- 
fied is of lung origin. If there is a bone lesion, apparently of metastatic 
origin, or a rib lesion, apparently a direct extension of the Inng tumor, 
an aspiration biopsy of the affected portion of the bone may yield a 
diagnosis of cancer. Here again it is not entirely satisfactory to rety 
upon such evidence for proof of primary lung cancer. Since it has been 
shown that inflammatory pleural effusions may yield clumps of pleural 
mesothelial cells closely simulating cancer, it is obviously unwise to 
rely on a diagnosis based, as far as histologic evidence is eonceimed, 
solely on the apparent finding of cancer cells in pleural fluid. 

As far as proof of primary lung origin is concerned, the same criteria 
must be applied in large measure to cases with bronchoscopie biopsies 
as to those with aspiration biopsies, since it is quite possible (and we 
have observed this in more than one instance) for metastatic limg 
tumors to erode the bronchial wall. For practical purposes we may 
decide that a given tumor is primary in the lung if the biopsj^ is ob- 
tained from the lung or bronchus and if there is no evidence of the 
previous or present existence of a pifimary tumor elsewhere that would 
be capable of causing a lung metastasis. However, for absolute proof 
of primary lung origin, we must demand an unqualified demonstration 
of that fact both grossly and microscopically by an experienced tumor 
pathologist at autopsy. 

THE TECHNIQUE OF ASPIRATION BIOPSY 

Since fear of air embolism (see below) has led to an abandonment 
whenever possible of the performance of aspiration biopsy of the lung 
with the patient sitting up, it is now routine practice to localize the 
tumor fiuoroscopically with the patient fully recumbent, in prone, 
supine, lateral, and oblique positions, and to mark the site of punc- 
ture with the patient in the same position that he will be in during the 
puncture. In the case of small tumors it may be necessary to use 
fluoroscopic guidance in the course of the aspiration procedure. To 
tliis end a biplane fluoroscope of special design would be of great aid. 
Such a fluoroscope should have no encumbrances about the patient, as 
is true of the present standard biplane fluoroseopes. The horizontal 
tube should be 3 to 4 feet away from the patient, and the tube for the 
vertical beam should be under the floor or at least on the floor so that 
it will be sufficiently far away to do away largely with distortion. We 
liave not had the advantage of such specially made biplane apparatus 
of which there are only a few in existence. When we were doiim 
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the bronchoscopist’s notations as to the site of distortion of a bron 
chns, or the fijidiug of pus or blood tiiat came from a particular brand 
of the bronchial tree, together with a reconsideration of the chest film 
with special reference to how much of the shadow may represent tumor 
and how much may be caused bi' atelectatic and inflammatory changes 
peripliei’al to the tumor. At this stage lipiodol injection may be very 
helpful, if it has not alread}”^ been done. The contour of shadows in 
w^ell-made lipiodol films, demonstrating bronciiial blockage, may be of 
great service in indicating a likely site for lung puncture. We have 
not thought it necessaiy to produce a pneumothorax, in general, and 
in fact it seems to us more probable that a pneumotliorax would iu 
manj’’ cases obscure the I’elations and make it more difficult to localize 
the tumor. 


The old roentgenologic riddle of auein'y.sm versus mediastinal tumor 
has caused us much difficulty in several instances. Tlie interpretation 
of expansion of a mass by fluoroscopy or kymograpliy, togetlier with 
the aids of tomogi'apliy and Eobb’s method of arteriography, all may 
be called upon in some instances, with, nevertheless, equivocal findings. 
The double-tube method of fluoroscopic localization, apparently so fool- 
proof foi' foreign bodies, would seem to be too hazardous for use for 
lung aspiration about the hilar fields, involving, as it does, the visualiza- 
tion of a double image of everything in the field, including tlic needle 
and the aorta. It has been proved possible in our experience to go into 
tlie hilar field under fluoroscopic guidance, in one case passing the 
needle within 1 or 2 era, of the left auricle and obtaining a positive 
biopsy Avithont perceptible harm to tlie patient. Wo certainly, iiow- 
ever, do not recommend such a jiroecduve routinely, nor ^^'ould we un- 
dertake it save in cxeeptionaiiy favorable circumstances. 


When tliere are signs of lung ah.see.ss the qiic.stion always ari.se.s 
w'hether it is safe to do an aspiration biopsy, for fear of sprea<liiig in- 
fection along the puncture traet. We have sueee.s.sfuny performed 
aspiration biopsy of both eaueerous and noneaneei’oiis aiwee.s.se.s of tlie 
lun" in several in.stanees. witiiout, so far as we have been aware, eans- 
in>’’ any complication. We have never observed empyema lollowiim' 
aspiration biopsy. Neither have we ever seen a growtli of tumor aloii*; 
the needle tract. 


There arc certain cases in wliich it is imji<i.s.sii)ic Ut determine an op- 
timum site for pum-tnre. The shadow of inereust'd den.sity in tlie 
bum field luav be large ami ill defined and it may be impo.s.sib!e with 
+bAid of lipiodol to judge wbeflier liie Ininor is likely to he found 
* . f <r the entire area of iiiereaseil density; whereas, if one as- 
permea mg t-onfineil mainly to the medial zone of tiie 

sumed that uic i 

area, it m lie -isinrafed .safely In sm-h '•a.ses one is jiisti- 

mediastinal stuic .j j ^ dceined to he a safe site foe pntie- 

fied in selecting arhitiauh 
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The apparatus for aspiration biopsy is as follows : 

1. A 20 c.c. record syringe with smooth action and good fit so that 
a partial vacuum can be obtained and maintained when the piston is 
drawn back and the mouth of the syringe is plugged. 

2. One or more IS gauge needles of 10 cm. and 15 cm. lengths; occa- 
sionally a 20 cm. needle may be required; the needles should have sliort 
bevels. 

3. A sharp bistoury. 

4. Six clean sterile glass slides. 

5. A small curette or scraper for picking tissue particles and ad- 
herent clots from the inside of the syringe. 



Fig. 2. — Carcinoma of lung, easily accessible by needle puncture, but with negative 
bronchoscopic fiiidiiigs (see Fig. 1). 

6. A hypodermic syringe with needles about 2 inches long so that 
anesthesia can Ijc carried down to intercostal tissues and pleura. 

7. Small glass for holding novocain solution. 

S. Sterile test tubes for fluid, blood, pus, or clot. 

9. Sterile towels. 

10. Sterile gloves. 

Aspiration Procedure. — One-half hour before the aspiration the pa- 
tient receives a hypodeimiic injection of gr. of morphine sulfate. 

The site of election for the puncture having previously been marked 
with the patient in the same position as that in which he is to be 
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aspiiatious witli the patient in the ei'cet postiu'e, sitting on a rovolviii!' 
stool, ^^e obtained a biplane exainijiatioa by vei’y cautioiisS rotation of 
the patient on the stool after the needle iiad been inserted as best we 
could with the guidance of fluoroscopy in one plane. If the straight 
posteroanterior and the straight Intcval views both demonstrate t!ie 
point of the needle to lie opposite the center of the tumor, the point 
of the needle must be actually in the center of the tumor. 

However, with a patient recumbent, we do not dare risk moving or 
rotating his body while a needle is in it. That is where a biplane llnoro- 
seope free of eneximberi)ig rods and supports for screens would la; of 






St;-, ^ 



Flff. 




1 ^CsVrfion of cJot obtaiiuM by a.^piraUon bioj^y from t«ni(»r vsliutvn in I'li,'. 
The ininiftliato iim»*ar wa^ also quite eiitjytUMtIc. 


o-reat help. Since the abandonment of the erect po.stnre and the jier- 
formance of all lung a.sj.irati.)n.s with the patient reetimhent or in 
sli-dit Trendelenburg po.sition, we have had to rely on .straight po.stero- 
anterior iluoiuseopy, plus previon.s m.-asurement of the depth ot t he 
..enter of the tumor from the skin at the sit.- of (he jmnctnre. It the 
^ is of more than 5 em. diameter, it ean nsually Iw snlheamtly well 
t )v iinrkim' the elie.st with or without the aid ot eali[>ers 

PatiaU is remnnheiit r;;:::::' aSd Z:: 
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with the other hand the piston is pnlled ont firmly and steadily so that 
the strongest possible suction is applied. Maintaining this suction is 
one of the essentials in di-awing tissue up into the bore of the needle. 
While this powerful suction is maintained, the syringe and needle are 
slowly rotated several times without any deviation from the puncture 
axis and at the same time the whole syringe-needle system is carefully 
pulled out and is thrust back in for a very short distance, not over 0.5 
to 1 cm. Violent jabbing back and forth to make a pincushion of a 
tumor is totally unnecessary and is reprehensible. In the course of this 
procedure of rotating and moving the needle slightly back and forth, 
it will usually be foimd that some of the vacuum has been lost. This 
is discovered when the piston is slowly allowed, while constantly held, 
to drift back so as to release the suction, when it will be found, as a 
rule, that there is an air space of one to two inches beyond the iiiston, 
so that it could not be completely let down without actually pushing- 
it down and thus forcing air into the lung. In view of the possibility 
of air embolism one must carefully avoid forcing any air into the 
lung, especially not allowing the piston to slip from one's grasp and 
plunge back into the syringe, an accident which would inject tumor 
particles and air into the lung. 

Upon thus finding a partial loss of vacuum, it is recommended 
strongly that the syringe be detached and the piston pushed down so 
as to expel this air. Incidentally, if the syringe at this time contains 
any blood or fluid, this material should be scjuirted down to the bottom 
of a vertically held sterile test tube. In the meantime the gloved thumb 
of the left hand should have been quickly used to stopper the needle 
hub as soon as the syringe was detached so as to avoid suction of air 
through the needle by the patient’s inspirations. The syringe, having 
had its piston completely pushed down again, is reattached to the needle 
and suction is renewed. This renewal of suction, it is believed, is im- 
portant and in some cases may be repeated three or four times in order 
to make more certain of drawing tissue up into the bore of the needle. 
Then the piston is finally slowly let donm to where the pressure con- 
dition with the syringe just allows the piston to come to rest, and the 
needle with the syringe attached is withdrawn from the patient’s chest. 

COLLECTION OF MATERIAL OBTAINED BV ASPIRATION 

This is a part of the procedure tliat must be carried out meticulously. 
It must be borne in mind that a fragment invisible to tlie, naked eve 
may be the telltale fragment under the microscope, especially in eases 
of punctures that are made in tough resistant tumors from which very 
little tissue is obtained. 

Holding the point of the needle over the center of one of the .slides 
the sfj-lct is passed slowly through the needle from hub towards point 
forcing out onto the slide any tissue lying within the needle. Adherent 
bits of tissue seen at the end of the .stylet should he carefiiny teased 
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for the aspiration, and preferably marked well outside of the puncture 
field, so that die imaginary intersection of two lines at right angles 
indicates the site of die puncture, the area is shaved, if necessary, and 
prepared bj’ two paintings of iodine, followed by two applications of 
alcohol to the central part of the area. With 1 per cent novocain, a 
skill wheal is raised at the site of pimeturc and gradually novocain 
is introduced through this wheal to the intercostal space and down 
approximately to parietal pleura. By this time tlie skin is thoroughly 
anesthetized at the wheal, and a tiny incision is made in it with the 
sharp bistoury, care being taken to sever the bottom elastic layers of 
the skin so that there will be no skin drag on the needle. The IS 
gauge needle is then attached to the record syringe and slowly inserted 
along the predeterniiiied axis of pinietiire. Usually the needle is stead- 
ily but cautiously advanced along tiiis axis until its point is presumably 
at the predetermined site in the tumor. Along the way a great part of 
the caution consists in carefully feeling tlie type of resistance en- 
countered. 

Some carcinomas of tlie lung will be found almost leathery in re- 
sistance to the needle; othens have no appreciable difference in re- 
sistance from that of normal lung tissue. If a cyst or abscess cavity 
is encountered, the wall may be resistant and then, as tlie needle 
slowly advances, a sudden loss of resistance will bo noted as the needle 
enters ti\e cavity. 

There is no need for a]j])Iying suction until the needle point has 
reached the desired spot. If the tumor is small so that (luoroscottie 
guidance is being used to make more certain that liie needle reaclu's 
tlie center of the tumor, one prepares to detach the syringe in order to 
permit the fluoroscopic film to be brought elo.ser to the patient, to 
within about 2 or 3 inches of the needle hub. 


Before detaching tlie syringe, slight suction is appiicti in order to 
make sure that the needle point is not in a vessel or a In-oneiuis. it 
blood or air is a.spirated, the needle is cither advaneed or withdrawn 
a little way, until blood or air, as the ca.se may be. no longer enters 
the svringc on .suction. Then, the iiosition of the needle iioiiit is 
elieckcd in the vertieal jilane by fluoro.scopy. Without a hijii.im* tlimro- 
seope or a horizontal x-ray tulie with a portable screen the depth of 
the needle cannot be cheeked and must have been predetermined by 

measurements. . , 

If the needle is not in the i>redctermuicd i>imctnrc axis ami thii.'. its 
noint is -shown to be to one side of the tumor, tlie needle must he with. 
Irwn’far enough .so that witliout u.sc of any t.s.rmg lor.-e w.t un the 
Sum its diroetion can lie properly .•hanmsl and it ean be advaneed 
” it i.s within the tumor. 

again _ • i,;„id 
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less than 18 gauge that might safely he inserted in the depths of the 
lung without fear of breakage, and with even less danger of trauma to 
lung tissue. 

Dangers of Needle Puncture of the Lung. — In our series of over 230 
lung punctures for biopsy we have had very few troublesome sequelae. 
The most serious accidents were two cases believed to be examples of 
air embolism. In both cases, while the needle was in the patient, who 
was sitting up, there was sudden collapse, with tonic and clonic spasms 
and unconsciousness. Upon recovery of consciousness in about twentj^- 
four hours there were various palsies which rather rapidly decreased 
in extent and severity so that within three weeks or thereabouts the 
patients were able to walk, still showing some residual motor impair- 
ment. It seemed possible, according to the neurologist. Dr. George H. 
Hyslop, to exclude intracranial hemorrhage and thrombosis, and he 
believed the evidence indicated cerebral embolism. Because of the rate 
and degree of improvement shown and the fact that the accidents 
occurred in the course of lung aspiration, it is our belief that the em- 
boli were of air rather than solid material. We did not listen over 
the hearts of these patients for sounds of air bubbles nor did we ex- 
amine the retinal arteries for air bubbles. 

In the belief that a recumbent posture v.'ould lessen the damage of 
air bubbles ascending .to the brain, we have done all aspirations in the 
past year with the patient lying flat, and during the past year no 
cerebral accidents have occurred. 

Slight expectoration of blood may occur for twenty -four to forty- 
eight hours following an aspiration, but no gross hemorrhage has been 
encountered. The development of empyema or lung abscess has not 
been seen, nor has a growth of tumor along the needle tract been found 
in any ease. 

Examination of Sgutuni for Tumor Cells. — In two eases in a recently 
reported group of 175 cases of bronchiogenie carcinoma the patients 
happened to save gross pieces of tissue which they had expectorated. 
These pieces permitted sectioning in the routine manner and gave posi- 
tive diagnoses. It is our routine prior to bronchoscopy to examine 
sputum for three successive days for tubercle bacilli and tumor cells. 
With the exception of the two eases .just mentioned, there has been no 
ease in whieh the examination of the sputum has revealed tumor cells. 
We have not attemjited, however, to develop any special concentration 
or other techni(iuc for this examination. In view of the fact that these 
two eases yielded macroscopic pieces of positive tissue, it seems quite 
likely that a special effort to .search tlic sputum day by day might 
yield positive diagnoses more often, and the effort seems worthy°of 
trial, particularly for ea.ses in which bronchoscoiiy, aspiration biopsv 
or thoracotomy would be difficult. 
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off and deposited on the slide. Then the syringe may be attaclied and 
air btown with a quick tliriist through the needle held over the slide, 
as this procedure may bring down anotlicr drop or two of Iluid, or 
tissue fragments. 

If within the syringe there is seen a fragment of tissue, it may be 
fished out with tlie curette and deposited on a slide. ,inot!ier clean 
slide is placed on top of the one on which the tissue Iras been depo-sitwl 
and with very firm pressure the two slides are squeezed together and 
slid along on each other for a short distance and then s!ia[)ped apart. 
I prefer this method to drawing one slide or its end along the otlier, 
as might be done for blood smears, because it avoids dragging tissue 
to the ends of the .slides, where it may be lost in the staining proeo.ss. 
If the syringe, as is often the case, contains 1 or 2 c.e. of blood clot, 
this should all be carefully .saved in a test tube, without crushing, so 
that it may be prepared in tlie laboratory for imbedding in a [larailin 
block and regular scelioning. Even the end of the. jiistoii .should lie 
carefully seareiied for tissue fragments and the bits of clot often found 
adhering to it. 


The slides and the tube containing the clot arc sent immediately (o 
the laboratory. A report can be obtained on tlie slides in about ten 
minutes or less. Thus, if the immediate smear is positive, one may liave 
a diagnosis within one-half hour or le.ss from the time the puiietiire is 
begun. If the smear is negative or if its inter))retation is tlillieult, it 
maj' be necessary to wait two or three days for the clot to be .sectioned 
and reported. Oftentimes the clot gives very definite information, 
even as to histologic type. (It may lie of interest in this coniieefion 
to mention a ca.se of atypically located suhstcrnal goiter, acce.ssihle to 
aspii'ation only from the ]io.sterior chest wall, in which the sectioned 
clot showed typical tliyi'oid alveoli containing colloid.) 

The details of the laboratory technique of fi.xing and staining the 
smears have been deserihed by Hart in and Ellis and neeil not be iv- 


peated here. 

Caliber of ihc Aspirnivuj Xndli.~ An IS gauge steel needle Is abmi! 
as tin'll as one would eare to H.sk usin- for dee/)-lnng aspiration. .Veedles 
of 17 gauge are .inst enniiieh thiekn- to j.dvi' the impression of in-ing too 
hu'o-c and offering too miieb i-hanec of trauma to vessels and hnmelii. 
Were it possible to u.se a needle of .•ven smaller l-oie than is mmge with- 
out risk of having it break, it .simnld he (lossihlo to seeiire tissue almost 
qi It Is time that, when an ;i.spira)io(i hit>j).sy ilone with an IS 
iiccdle’is po.sitive. one n.smdly has ,„;my times the amount of 
” ts needed, (hi this premise aspiration haqisies or suheii. 

tissue 1 1. ■ ordinarv 2»i eauee hipodermie 

taneoxi-s tumois mi(.c-c.s.sfu!. IVrhaps some of the ocucr alloys, 

imcdles. and Ime eoiihl he u-ed for maling mr.ll.s of 



KESECTION OF THE LUNC4* 

Edward D. Churchill, il.D., Boston, 3Lvs3. 

(From the Harvard Medical School and the Surgical Services of the Massachusetts 

General Hospital) 

I N PAYING tribute to the memory of Edward Starr Judd by this 
lecture, I have selected the subject of pulmonaiy resection and shall 
present it with emphasis on the problems of operative surgery. There 
is no more fitting place to do this than in a lecture by a surgeon in 
honor of a master surgeon. Although Judd was endowed to a remark- 
able degree with the many other qualities that must be joined to make 
up the complete master surgeon, no single quality or achievement sur- 
passed his skill and judgment in operative surgery.; in this field he was 
pre-eminent. 

Resection of a diseased organ is admittedly a crude and primitive 
form of therapy when compared with subtleties of modern surgery, 
such as removing a tiu}^ adenoma of a parathyroid gland to prevent 
the recurrence of stones in the kidney or interrupting the sjmipathetic 
chain in order to preserve a limb by increasing its blood supply. The 
principles involved in the case of the lung are so simple and the attack 
so straightforward that practically the only argument lies in balanc- 
ing the operative risk against the natural hazards and disabilities of 
the disease for Avhich it is proposed. AYe may contrast lobectomy for 
bronchiectasis, Avhere the question is not should it be done but can it be 
done, with gastrojejunostomy for duodenal ulcer where the pertinent 
question is not can it be done but should it be done. 

Pulmonary resection is carried out as the removal of one entire lung 
(total pneumonectfim}"), the removal of one or more lobes of one lung 
(lobectomy, single or mulliple, unilateral), the removal of lobes from 
both lungs (lobectomy, bilateral), the excision of a bronchovascular 
segment from one or more lobes (segmental pneumonectomy), or the 
resection cii bloc of a poi-tion of a lobe (partial lobectomy) or lobes 
(partial pneumonectomy). These operations may be one-stage, two- 
stage or multiple-stage jn'oeedures. 

GRNERAL COXSIDEK.UTONS 

As a rule, in pulmonaiy .surgery a two-stage procedure is carried 
out with the purpose of obliterating the whole or a portion of the fiv 

seven’ I'. K. Starr JutUl L.ectur*? presence 1 on Ma'ch 11. lO 'O. at Ir* "n'v r- v 
of Minnesota Scliool. M*nne;i oils Minn. Prrsento ’ in aV" as ho Trhn'h' 

U'V M.Hlioal ami Cliirursical Faculty ot the State of ilarylamr on .XprU 

UecelveU for publication, October 21, 1910. 
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SUMilAKV .VXD COXCLUSIOXS 

1. Histologic proof of caueer slioiikl be a prerequisite to radical 
surgical oi' radiological trcatiiieut of eaiiccr of the lung. 

2. In a considerable proportion of eases of lung cancer brouciioscopy 
will not yield a positive niieroseopie diagnosis. 

^ 3. In the 175 cases of cancer of the lung treated at Memorial Hos- 

pital from Jan. 1, 1920, to July 1, 1939, the intravitam histologic diag- 
jiiosis was made-’ on material obtained by lung puncture in 64 cases, 
pr 36.6 per cent; and since January, 1935, aspiration biopsy was called 
on to furnish tlie histologic material in 49 of 95 eases, or 51.6 per cent. 

4. The technique of surveying a case suspected of having eancer of 
tlie lung and the technique of aspiration biopsy of the lung arc given 
in detail. 

5. The Inmards of aspiration biopsy are discussed. In the iMomorial 
Hospital series of 230 lung aspirations there has bemi observed Jio case of 
empyema, lung absce.ss, or growth of tumor along the ]nmcture tract. 
Two cases believed to be o.\amples of air embolism resulting from lung 
puncture have been seen. On the tlieory tliat aii’ bubbles introduced 
into the pulmonary venous system and thus via the left heart into the 
systemic circulation tend to ascend, beeau.se of the lighter .sjjcciric grav- 
ity of air as compared with blood, it is recommended tliat all lung 
punctures bo done with the patient lying flat or in slight Trendelenburg 
position, so as to minimize tlie danger of air bubbles going ccphalud. 

6. It is advi.sable to use needles of the smallest caliber consistent 
with minimal danger of breakage, since successful aspirations can he 

\_ob^aiued from subcutaneous tumors even with hypodermic needles if 
tlie proper technique is emplo.vcd. 

7. Development of teeliiiiques of .searching sputum for tumor cells is 
worthy of trial. 

(!EI'El{EXrE.S 


Bhtlv J V • A.sniration Biojwv' of Tniiior.s in Oii-ciirc or Diflirult EoisUions t'ailcr 
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Anesthesia . — There are certain general principles that govern both 
the choice of the anesthetic agent and the method of administration. 
Differential pressure is essential if the goal of a painstaking operation 
of precision with careful hemostasis is to be achieved. With present 
techniques adequate control of differential pressure presupposes an 
inhalation anesthetic, the alternative being a return to the elaborate 
and cumbersome methodics of the differential pressure cabinets of 
Sauerbruch, Robinson, and Willy Meyer. Inhalation anesthesia can be 
administered with control of differential jiressure by using a tightly 
fitting face mask. Intratracheal intubation in addition to a tightly 
fitting mask is a more certain method and avoids inflation of the 
stomach. 

A second important principle centers on keeping the airway clear 
of bronchial secretions and purulent exudate. Even though postural 
drainage or bronchoscopic aspiration is carried out immediately be- 
fore the operation, mobilization of an infected lobe or lung expresses 
retained secretions into the primary bronchi and trachea. It is im- 
portant to provide for the intermittent aspiration of this material 
during the course of the operation. Attempts have been made to 
blockade the infected area of lung by balloon-tipped catheters or intra- 
bronchial tamponade, but these complicated methods will not be found 
necessary if efficient aspiration is carried out. This can only be done 
if an intratracheal tube is employed and preferably one inserted di- 
rectly into the laiynx rather than through the nasal route and of a 
cross-sectional area approximately one-half that of the trachea. 

The third important principle conditions the choice of the anesthetic 
agent itself, as it is the rigid avoidance of anoxia during the operation 
and subsequently. Excluding chloroform, there are only two anes- 
thetic agents in eonnnon use that can be administered by inhalation 
with sufficient concentration of oxygen to fulfill this essential require- 
ment: cyclopropane and ether vapor. Not only because of the ex- 
plosion hazard of cyclopropane but because of its apiiarent selective 
toxic effect on the heart, it has been our custom to employ ether. 

At the present time, therefore, unless unusual indications are pres- 
ent, pulmonary resection is carried out under general inhalation 
anesthesia with an ether vapor oxygen mixture administered through 
an intratracheal tube with a closed system that permits the mainte- 
nance of differential inessure and affords ready access for aspiration 
of the tracheobronchial tree. 

/ari.sioiLs.-— The merit of any surgical incision lies in affording access 
to the region of dissection with a minimal degree of damage to normal 
structures. Tlie exposure mmst be adequate to permit clissection of 
important structures under direct vision and adaptable to any varia- 
tions in i)athology that may he encountered. A needlessly lartre 
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plem-al space at the first operation in order to prevent or limit a subse- 
quent pleural infection and avoid the complications of a collapse of the 
remaining part of the lung by a pyopneumothorax. There are other 
reasons, however, for dividing these operations into stages. Den.se and 
vascular adhesions or other difficulties ma}^ make it advisable to per- 
foini a total pneumoneetomj’ by removing the loAver lobe at one opera- 
tion and the remaining lobe or lobes at a subsequent date (total pneu- 
inoneetomy by lobar stages). The very dense adhesions of active in- 
fection may force the operator to abandon entirely the project of im- 
mediate resection even of a single lobe and to resume the dissection 
at a second stage. It must he pointed out, however, that such a retreat, 
once the mobilization of the lung is well on its way, may be as hazard- 
ous as pushing the job to its conclusion, as the stage is set for pleural 
infection from divided adhesiojis and a pneumonic flare-up spreading 
from traumatized infected lung. 


Ligation of the lobar division of the pulmonary artery was suggested 
by Sauerbrueld as a first-stage procedure in lobectomy. KieidiofV- 
recommends ligation of the stem branch of the i)nlmonaiy artery as 
well as the main bronchus as a first-stage opei'ation in total pneu- 
luoueetomy. 

Cautery lobectomy or piieumoneetomy {Graham) and exteriorization 
lobectomy (Whittemore) marked evolutionary stages in pulmonary 
resection and must be classified as partial or, at the best, .subtotal ])ro- 
eednres. Doth oj)eratioiis now find a very limited sphere of useful- 
ness or have been completely abandoned. 


Removal of a lobe or lung has been accomplished Ity placing an 
elastic tourniquet around the hilum (Saucrbcuch ) or by the use of 
mass constricting ligatures (Ale.xaiider), \caitiiig for tin- devitalized 
tissue to sequestrate or removing it at a later operatinn. Thesi* mctiiods 
were eumbei-some and invited dangers of both hcmoiThage and infee- 
tiou. They belong to the historic aspects of pulmonary surgery. 

At the present time pulmonary resection is a!)pn>aehed in a direct 
manner in accordance with surgical ]>riaeiplc.s established for other 
organs of the body. The hazards of iiemorrliagc. pi-imary or see- 
omlarv have been In'onght under .s.atisfaetoiy (■(mfjad. 'I’he eom/diea- 
f IS of infection have been Je.s.seiied but still remain formidable and a 
Imwce of constant apprvliension. Only a beginning has hem made to- 
.1 insiiriii" a l)alaneed equilibrium ot the rardion-spiratory iiine- 
waiu ■ = survical intervention. Kven the most meti<-n- 

,i„,,s "“'I 
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Anesthesia . — There are certain general principles that govern both 
the choice of the anesthetic agent and the method of administration. 
Differential pressure is essential if the goal of a painstaking operation 
of precision with careful hemostasis is to be achieved. With present 
techniques adequate control of differential pressure presupposes an 
inhalation anesthetic, the alternative being a return to the elaborate 
and cumbersome methodics of the differential pressure cabinets of 
Sauerbruch, Robinson, and ^Yilly Meyer. Inhalation anesthesia can be 
administered with control of differential iiressure by using a tightly 
fitting face mask. Intratracheal intubation in addition to a tigiitly 
fitting mask is a more certain method and aimids inflation of the 
stomach. 

A second important principle centers on keeping the airway clear 
of bronchial secretions and purulent exudate. Even though postural 
drainage or bronchoscopic aspiration is carried out immediately be- 
fore the operation, mobilization of an infected lobe or lung expresses 
retained secretions into the primary bronchi and trachea. It is im- 
portant to provide for the intermittent aspiration of this material 
during the course of the operation. Attempts have been made to 
blockade the infected area of lung by balloon-tipped catheters or intra- 
bronchial tamponade, init these complicated methods will not be found 
necessary if efficient aspiration is carried out. This can only be done 
if an intratracheal tube is employed and preferably one inserted di- 
rectly into the larynx rather than through the nasal route and of a 
cross-sectional area approximately one-half that of the trachea. 

The third important principle conditions the choice of the anesthetic 
agent itself, as it is the rigid avoidance of anoxia during the operation 
and subsequently. Excluding chloroform, there are only two anes- 
thetic agents in common use that can be administered by inhalation 
with sufficient concentration of oxygen to fulfill this essential require- 
ment: cyclopropane and ether vapor. Not only because of the ex- 
plosion hazard of cyclopropane but because of its apparent selective 
toxic effect on the heart, it has been our custom to employ ether. 

At the present time, therefore, unless unusual indications are pres- 
ent, pulmonary resection is carried out under general inhalation 
anesthesia with an ether vapor oxygen mixture administered through 
an intratracheal tube with a elosed system that permits the mainte- 
nance of differential pressure and affords ready access for aspiration 
of the tracheobronchial tree. 

/aci.sioa.s.— The merit of any surgical incision lies in affording access 
to the region of dissection with a minimal degree of damage to normal 
structures. The exposure must be adequate to permit dissection of 
important structures under direct vision and adaptable to any varia- 
tions in pathology that may lie encountered. A needlessly lar'm 
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opt'uinj,'- into Iho ilionix i.s (o lie avoided because of the crippling of 
the meehauism of renpiration it entaiis. Jiespinitory movements of the 
Ihoraeic wall arc uiulouhtedly a factor in promoting re-expamsion of 
I he umleriying .segments of long in the po.stopei-ative period. Unneees- 
saiy damage to the l<itis.simij,s donsi and other important muscles that 
take part in eoughing make.s it increasingly ditifieult to maintain post- 
operative lironcliial drainage. 

Wiiether an anterior or posterior approach is employed, whether a 
rih is re.seeted or tiie incision carried through an iaterco.stal space, 
whether the incision is placed high or low, are details that each sur- 
geon must settle for himself, and concerning which we nia}'" never ex- 
pect unanimity of opinion. PersonaUy, for a lower lobe lobectomy I 
prefer a po.sterior approach through the periosteal bed of the eighth 
rib. For a total ])neiimoneetom3^ I prefer a posterolateral approach 
at the level of the fifth, sixth, or .seventh rih, choosing a high ap- 
proach if diflicult.y is antieipated with apical adhesions and a lower 
approach if basal adhesions are more likel}'. To gain access to the 
uiiper lobe either a posterolateral or anterolateral inci.sion is em- 
plo3md. An anterolateral incision gives direct access to the middle 
lobe on the vigiit or the lingula .segment on the left. 


Pleural Adhesions . — It is generally believed that a partial resection 
of one lung (lobeetomj% segmental pneumonectomj’-, etc.) carries a 
Jower incidence of compUcatious and a lower mortality rate if there 
exists at the time of operation a complete symphysis of parietal and 
visceral pleura. Probably this is true if the resection is being per- 
formed for suppurative lesions in which empyema is an inevitable 
seciuei. Obliteration of the plenral space over the surface of the lung 
that is to remain goes a long way toward insuring its integrity and 
limits the extent of the infection. 

Tu the ease of noninfected lesions in which pleural contamination i.s 
minimal or nonexistent, and in total pneumonectomy, pleural symphy- 
sis is undesirable. Pleural adhesions that are dense and vascular in 
themselves may add hazards to the operation that more than counter- 
balance the advantages of an obliterated plenral space even in sup- 


purative disease. 

On the assumption that pleural symph.vsis is a decided advantage, 
methods of artificially producing a fibrinous pleuritis have lieen stud- 
• .! ill the experimental laboratory and have received chiucal trial. 
n iimvieotorny as the first stage of lobectomy for brouchiectasi.s 

I*.'- Alexander.- I- else c,„„le.ved H In 
was at 0 existing adhesions around the lobe to be resected 

selected ^j^Vpulmonary ligament divided. Nonadherent areas 

were severe . vigorously scrulilied with dry gauze and 

of the Alexander proceeded rvith the second stage ivithin 
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approximately two weeks, while I recommended a delay of three 
months or longer to allow the acute reaction completely to subside. 

There are several disadvantages to this method, not the least of 
which is twice subjecting a patient to the hazards of an anesthetic and 
thoracotomy. Pleural infection Avas occasionally encountered after 
the first stage. Also, not infrequently the procedure failed to pro- 
duce the desired adhesions. Use of this method has almost completely 
been abandoned ■ and it is recommended only if some special reason 
exists for anticipating difficulty in obtaining re-expansion of the re- 
maining lobe; for example, in the ease of a patient Avho has reeehmd 
prolonged artificial pneumothorax with resulting fibrosis of a non- 
adherent visceral pleura. 

Bethune’' defused a method of producing pleural symphysis knoAvn 
as “poudrage.” An artificial pneumothorax is induced and talc or 
other mildly irritating substance is dusted on the plenral surface un- 
der guidance of the thoracoscope. Clinieal reports are still too frag- 
mentary to yield an evaluation of poudrage. 

During recent years attention has been diverted from the artificial 
production of pleural symphysis toward active measures for encourag- 
ing early re-expansion of the remaining nonadherent lobe. The prob- 
lems involved are discussed under a separate heading. 

When adhesions already obliterate the pleural space, they are usu- 
ally readily dealt Avith, but may in certain instances present a for- 
midable barrier to surgical dissection. This is particulai'lj’’ true in 
the chronic lung abscess group Avith long standing and still acthm 
pneumonitis. Nevertheless, I join Avith Roberts and Nelson" in doubt- 
ing “that there are any adhesions Avhich cannot be OAmrcome by care- 
ful dissection.’’ Adhesions that found their origin in an episode of 
infection that is quiescent at the time of operation offer little diffi- 
culty. They are relatively aAmscular and may easily be diAuded by 
sharp dissection. Cutting under direct Ausion is ahvays preferable 
to blunt dissection or manual separation as the fragile surface of the 
lung can be damaged by the use of any force. This is particularly 
true if compensatory emphysema is present. Transillumination of 
adhesions aids in the recognition of the margin of the lung and AA'ill 
disclose large blood A’essels before they are divided. 

Adhesions are best divided as close to the visceral pleura as po.ssible. 
This prevents the retraction of bleeding vessels into the chest Avail in 
what may be regions of difficult access. Bleeding from the pulmonaiy 
side of an adhesion is rarely troublesome unless the lung itself is badly 
torn by forceful maneuvers. Hemorrhage from the parietal side may 
i)e profuse and difficult to control. Alisolute hemostasis at the end of 
the operation is imperative as the negative pressure re-established 
immediately after tlie incLsiou is closed encourages postoperative 
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a large tube. Rib resection drainage is also established iirimarily 
when pleural symphysis insures a small localized empyema cavity. To 
state the matter simply, the type of drainage is employed that would 
be indicated if the empyema already existed, but is carried out in an- 
ticipation of its actual occurrence. 

After total inieumonectomy by individual ligation of vessels and 
suture of the bronchus, drainage is omitted if contamination has been 
minimal. Primary healing of the pleural cavity by the formation of a 
stei'ile fibrothorax may eliminate the necessity of a subsequent 
thoracoplasty. After total pneumonectomy with the tourniquet tech- 
nique for suppurative lesions, drainage is provided and subsequent 
thoracoplasty accepted. 

Just as recent developments in chemotherapy are modifying the oc- 
currence and course of postpneumonie infections of the pleural cavity, 
so may the situation be changed relative to postoperative infections. 
Clinical tests are being made both with the local application of chemo- 
therapeutic drugs to the pleural space and with the preoperative and 
postoperative establishment of an effective concentration in the blood 
stream. 

Be-expansion of Bemaining Lobe . — Following lobectomy, the concei’n 
of the immediate postoperative period centers on the re-expansion of 
the remaining lobe. Operative sequelae that jeopardize the integrity 
of the remaining lobe are varied in type and origin and it is impossible 
to abstract from the literature any coherent account of their nature 
or even of their incidence. It may also be noted that there are no 
data on record to indicate an increased morbidity when lobeetomj’- is 
performed in the presence of a free pleural space, although this is 
commonly assumed to be the case. 

Complications involving the remaining lobe or lobes on the operated 
side cannot be discussed at length, but will be brief!}’' outlined because 
there is a tendency to hold too limited a view as to their origin and 
nature. My point of view, in general, coincides with that expre.ssed 
by Edwards’” that the lesion respon.sible for collapse is within the lung 
itself and not in the pleura. 

1. Apical Empyema: Failure of the upper lobe to regain its integrity 
after a lower lobe lobectomy is commonly associated with an .apical 
empyema. This is usually considered as the primaiy disturbance, but 
in my experience a]>ical empyema is apt to be secondary to intrinsic dis- 
ease of the underlying lung. If recognized promptly and given ade- 
fpmtc drainage, an uncomplicated apical empyema that has become 
walled off from the ba.sal area is not commonly serious or of lastin'*- 
import. Postoperative collections of air or serum in the apical region 
should be aspirated frcciucntly and may escape infection even thouMi a 
frank empyema exi.sts at the base. AVhen infected, drainage in'^the 
axilla will usually bo followed by re-expansion of the lobe. 
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bleeding. This may be life-endangering or add to the complications 
of ])osto])erative management by plugging the drainage tubes with 
Iilood clot. A massive postoperative hemothorax may require surgical 
evacuation. 

The Intoiohar Fissures . — The operation of lobectomy is not infre- 
quently made difficult by anatomically incomplete interlobar fissures 
or by the obliteration of normal fi.ssures by adhesions of inflammatory 
origin, fi'hc problem presented b}' abscesses traversing the plane of 
the fissures is discussed under a separate heading. 

Incomifiete fissures offering technical difficulty most often will be 
found between the dorsal segments of the lower lobes and the cor- 
responding upjier lobes. It is essential that all adjacent interlobar 
fissures be artificially completed to the hilum before a tourniquet is 
placed about the lobe. This is accomplished fay the division between 
clamps of the pulmonaiy tissue in the projected plane of the fissure and 
the placement of hemostatic sutures. The peripheral portion of an 
incomplete fissure may be developed by painstaking sharp dissection, 
reserving the use of clamps until the vascular anastomoses that occur 
in the hilar region are encountered. 


The fissure between the middle lobe and the right upper lobe is no- 
torious for being incomplete or totally absent, particularly in the 
anterior and mediastinal region. It has been found advisable under 
.such conditions to sacrifice a normal middle lobe with a diseased right 
upper lobe rather than undertake the development of this fissure. Seg- 
mental deflation as described under segmental pneumonectomy has 
been used to advantage to display the plane between upper and mid- 
dle lobes in the completion of this fissure, the occluding clamp being 


placed on the middle lobe bronchus. 

The development of fissures that are obliterated with inflammatory 
adhesions offers technical difficulties that range from the simple to 
the frankly impossible. If one of the lobes is normal, however, pains- 
taking dissection will permit their separation. A normal lobe (except- 
iim occasionally the right middle lobe) should never be sacrificed 
solely on the grounds of an incomplete or obliterated fissure. 
Frainaffe.— Provision is made for drainage of the pleural cavity in 
very ease in which a portion of a lung has been resected. In non- 
rative cases or when contamination is minima], an intercostal 
is tised and removed at the end of foi-ty-eight hours, men 
tonrniouet lobectomy has been performed, a longer drainage period 
,wuallv be advisable. I have come to this point of view only with 
will us t y believer in the general principle of the pri- 
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maiy c anaerobic infection is present, the need for more 
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There is a general impression that resection of an upper lobe presents 
a more difficult problem of healing than is the case with lower lobe resec- 
tion. In my experience this has not been the ease, as in nine patients 
surviving upper lobe lobectomy an apical thoracoplasty has been found 
necessary only in one instance (Pig. 1)- 
Technical measures designed to promote early expansion of the re- 
maining lobe are under constant scrutiny. Aspiration of residual col- 
lections of air and serum has been mentioned. The placement of an 
anterior intercostal catheter in addition to posterior drainage may be 
advantageous. Postoperative bronchoscopy is indicated, particularly 
if there is evidence of occlusion of major bronchi. Complete reinflation 



1. — Roentgcnogrum taken eight months after resection of normally inflated right 
upper and middle lobes for bronchiectasis. Postoperative sUiphylococcus empyema. 


of the lung by positive pressure as the chest is being closed is essential. 
Postoperative administration of oxygen and belinm under positive 
pressure is recommended on theoretical grounds and i.s now receiviii" 
clinical a.ssay. ” 

Preopemtive Artificial Pneumothorax . — It is a.ssnmed that there are 
several advantages to he derived from inducing artificial pneumo- 
thorax as a preoperative mea.sure before total pneumonectomy for tu- 
mor. These may he listed with brief conunents as follows: 
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2. Atelectasis and Pneumonitis: Atelectasis as a concomitant of post- 
0!)crativo pneumonitis and bronchitis may occur with or without gross 
obstrnction to (lie large bronchi. Under such circumstances the failure 
of the lobe to re-expand is due to intrinsic factors and the apical 
empyema is secondary, both in origin and in importance. Drainage of 
the empyema under suclv civeum.slanccs may bi'ing tlie lobe into contact 
with the chest wall by a shift of tlie mediastinum, witli resulting oblitera- 
tion of the pleural space but with the lobe still in a collapsed state. It 
is my opinion that intrinsic atelectasis and pneumonitis are commonly 
the first step in the complications that permanently affect the upper 
lobe. Slinimal degrees occur not infrequently and clear spontaneously 
aided by breathing exercise. 

In an effort to reduce this complication, further attention must be di- 
rected toward the preoperative condition of the lung. Belsey' has 
commented on the advisal)ility of a prolonged interval between the injec- 
tion of lipiodol and operation. It is our custom to demand six weeks as 
a minimal interval. Recent episodes of acute respiratory tract infec- 
tion may pave the way for postoperative sequelae. Particularly impor- 
tant, however, is tlie existence of foci of bronchiectasis unrecognized by 
bronchography, or a mild degree of atrophic e.ylindrical bronchiectasis. 
Obstruction to major bronchi with resulting atelectasis may arise from 
inflammatory hyperplasia of hilar lymph nodes. 

3. Suppuration: I have twice encountered frank suppuration mth 
abscess formalio 2 i in tlie upper lobe following lower lobe lobectomy. In 
both instances the lingula had been resected for extensive involvement. 
It is probable that this serious and formidable complication arises from 
operative injui'y to the lobe, infection centering in residual suture ma- 
terial or residual bronchiectatic foci. Resection of the upper lobe be- 
comes necessary in the end. 

4. Gangrene: Gangrene of adjacent lobe has been described as a 
complication of lobectomy but has not been encountered personally. 
While unrecognized operative injury to the vascular supply is the most 
likely etiology, the possibility of a retrograde thrombophlebitis is to be 

considered. , . . . » 

The volume of resected lung as measured m its preoperative state ot 

inflation determines within general limits the readiness with which the 
"esidual space will be filled by remaining lung. Other variables, such as 
fl xibility of the mediastinum and elevation of the diaphragm, also 
their part. Little difficulty is encountered after the resection of a 
1 f r the atelectatic type of bronchiectasis as the remaining lobe is 
^ d” to filling the hemithorax. This contrasts with the pro- 

“accus ome ^ encountered, for example, after resecting 

longed hea ino^ Middle lobes that are air containing and essentially 
right lower an considerations are of importance in giving an 

of normal of convalescence and the likelihood of complica- 

tions. 
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nionectomy is performed for tumor. Before lobectomj’’ and in sup- 
purative lesions of the lung there are few indications for its use. 

Needle Aspireition Biopsy . — In the presence of bloody pleural fluid 
the diagnostic advantages of aspiration with or without subsequent 
thoracoscopy are obvious. Needle biopsy of the tumor itself to estab- 
lish a microscopic diagnosis in cases that are clearly inoperable is also 
permissible. On theoretical grounds it is a highly questionable procedure 
to traverse the pleural space and normal lung tissue with a needle in 
order to obtain a biopsy from a tumor that may be operable. In such 
instances thoraeotomj’^ will usually be required to settle the question of 
operability and any reasonable doubt as to diagnosis may be clarified 
at that time. 

TECHNIQUES OF PULMONARY RESECTION 

Before discussing the applicability of different operative techniques 
in varying pathologic conditions, it is desirable to describe the several 
methods of pulmonary resection in some detail. 

Tourniquet Loiectomy and Pneumonectomy . — ^While Brunn® deserves 
the credit for pointing out the advantages of a direct one-stage amputa- 
tion of a lobe, the ingenious method of dealing with the pedicle originated 
by Shenstone has contributed enormously toward the ease and safety 
of the operation. The Shenstone tourniquet, or one of its imrious 
modifications, is slipped over a mobilized lobe and grasps the hilar 
pedicle as a snare. Distal amputation of the lobe is then carried out 
and the blood vessels and bronchi of the stump are secured with 
stitch ligatures. Release of the tourniquet then allows a neat closure 
of the stump by suture of the fringe of lung and visceral pleura. If 
normal lung tissue is available near the hilar region of the lobe, a 
pedicle flap outlined as the lobe is being amputated aids in a plastic 
reinforcement of the closure. 

In the case of a total pneumonectomy the entire lung is mobilized 
and the tourniquet used to grasp the hilum. After amputating the 
lung, the stump is handled as in a lobectomy. 

The advantage of the tourniquet technique lies in the ease with 
which the hilar stump may be closed without recourse to the crushing 
action of clamps or the use of mass ligatures. Suggestions that the 
cord of the tourniquet be left in place as a constricting ligature show 
a failure to grasp the real significance of the method. 

The limitations and disadvantages of this form of treatment of the 
hilum must be kept clearly in mind. Even though constricting mass 
ligatures are avoided, the .sutures necessary for hemostasis and bron- 
chial clo.sure cannot he placed with precision and of necessity result 
in devitalization of the contaminated tissues of the stump. Suturin<>’ 
this conglomerate mass of lym])h nodes, large blood ve.ssels and com 
laminated bronchi with chromic catgut has always Iieen a revolting 
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.1. T(} Lessen the “Shock” of Opening the Pleural Cavity: With acle- 
(luato wiilroi oi! Iuiih- inflation by differential pressure and tlie avoid- 
ance of anoxia there is no disturbance of the patient’s ecpiilibrium when 
the chest is oi)ened. 

2. To Stimulate a Defense Mechanism to Infection by Calling Forth a 
Nonspecific Infammatonj Reaction in the Pleura: The immunologic 
l>rohlems involved are too eomijlex to warrant discussion of the hypoth- 
esis constructed on this basis. One recalls the experimental and 
clinical evidence for and against peritoneal “vaccination.” 

3. To Adjust the Organism to Maintaining Respiratory Function With 
One Lung: No defiiiitive data are available to indicate whether pneu- 
mothorax really accomplishes this result. Further clinical and e.xperi- 
mental evidence is }>ighl3' desirable, 

4. To Provide a Test of Function of the Lung That Is to Remain: 
Tliere is not available at the present time an adequate technique for de- 
termining what by analogy with the kidnej's may be termed a divided or 
“split” test of pulmonary function. The nearest approach lies in par- 
tiallj' reducing the functional eapacif.v of the lung that is to be removed 
by an artificial pneumothorax. It is to be boime in mind that a closed 
pneumothorax only partiall.y reduces the function of the lung that is 
collapsed. 

5. To Determine the Existence and Site of Pleural Adhesions: In- 
formation that aids in the proper placement of the incision may be 
gained by pneumothorax. Usually this is obvious from studjfing the lo- 
cation of the tumor. 

6. To Aid in the X-ray Diagnosis and the Determination of Criteria 
of Inoperability: Pneumothorax at times may clarify questions of chest 
wall or mediastinal invasion or aid in tlie delineation of mediastinal 


lymph node involvement. 

7. a Preliminary to Thoracoscopy: In a small number of periph- 
erally situated tumors thoracoscopy may provide information of im- 
portance, particularly with reference to the presence of pleural seeding. 
Positive evidence is more important than negative, as pleural implanta- 
tions may readily be overlooked. In bloody effusions aspiration with air 
replacement is indicated both as a palliative measure and for further 
diagnostic studies by x-ray and thoracoscopy if necessary. 

There is no evidence at the present time that warrants tlie use of pre- 
nnpvative pneumothorax when lobectomy, in contrast to total pneu- 
uLectomy, is contemplated. A rare e.xception may be found in its use 
monec Before total pneumonectomy for suppurative 

„s a ' \ „„.11V imp«»il.l, n„d may b. poailivaly 

"trtte in Won of ap.,. 0 , 

dangerous c preoperative artificial jnieiimotliorax may 

It may he cone , beneficial to the patient before total pneii- 

be informative and possm .y 
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meut (Fig. 2) . As this is followed centrally, two other divisions of the 
pulmonary artery are disclosed that often arise at approximately the 
same level. One of these runs forward to supply the lingula segment of 
the upper lobe, and the other courses backward and downward as the ar- 
tery to the dorsal segment of the lower lobe. The latter artery is usuallj^ 
obscured at its point of origin from the main trunk by a lymph node. 
Mobilization of the lymph node, partieularlj" if it is hyperplastic, is 
necessary before the artery can be isolated and a ligature passed around 
it. Ligation of the arterial supply to the left lower lobe is therefore 
accomplished by securing two vessels, the artery to the basal segment 
which is readily exposed and the artery to the dorsal segment which 
requires further dissection. As anatomic studies of the intrahilar 
region are broadened and multiplied, anomalous arrangements Avill 



Fig. 2. — Dissection at base of fissure between upper and lower lobes of left lung. 
A. L., Artery to lingula ; A. D., artery to dorsal segnient of lower lobe ; A. B., artery to 
basal segments of lower lobe. 


undoubtedly be recognized as commonplace. The lingula and dorsal 
lobe arteries have been observed, for example, to arise in a common 
trunk. The important safeguard in intrahilar resection of the left 
lower lobe is to visualize clearly the relations of these two ve.ssels. 

The inferior pulmonary vein collects the return flow of blood from 
the left lower lobe and conveys it to the left auricle. Its main trunk 
is found at the upper end of the pulmonary ligament by turning the 
lower lobe forward and dividing the pleura where it is reflected from 
the lung to the posterior mediastinum (Fig. 3). There are two major 
tributaries of the inferior pulmonary vein, one from the dorsal seg- 
ment and the other from the ba.sal segment of the lobe. Usuallv a 
third tributary will be diselo.sed joining these in the extraperieardial 
and extrapulmonary segments of the inferior pulinonarv venous 
.system. ' 
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task to the surgeon whose horizon extends to the period of tissue re- 
pair. Ihe surprising thing is not that the method is eminently suc- 
cessful hut that it works at all. While temporary bronchopleural 
listulas almost always appear, they close as the empyema heals. The 
fact that secondary hemorrhage from the stump hns not occurred, 
at least in my own experience, can only be attributed to the low head 
of pressure in vessels of the pulmonary circuit. 

The plane of amputation with the tourniciuet techniqire as applied 
to a lower lobe, ])a.s.ses through the origins of the terminal bronchi of 
the ba.sal segment, and divides the dorsal segment bronchus distal to 
its first subdivision. In the ease of a total pneumonectomy, the plane 
of amputation passes through the lobar bronchi. AVhile in a few cases 
section at a higher level can be carried out by this method, individual 
ligation of the vessels is preferable if the stump is to be appreciably 
shortened. A short stump invites retraction from the tourniquet or 
may allow a large vessel to be turned into a bronchus so that endo- 
bronchial hemorrhage occurs when the tonimiquet is released. Need- 
less to say, control of the stump should never be entrusted to the 
tourniquet alone. As soon as amputation is started, clamps are used to 
grasp the bronchi and vessels distal to the tourniquet, and, as sutures 
replace the clamps, the long ends are used to steady the hilum and 
prevent retractioir from the cord of the tourniquet. 

IntraMhtr Lobectomy . — If access to the hilar region is blocked by 


inflammatory reaction, enlarged lymph nodes, or unusually rudi- 
mentary fissures, tlie necessity for tourniquet amputation is conceded. 
When technically feasible, however, it is preferable to carry out lobec- 


tomy by individual ligation of the pulmonary vessels and amputation 
of the lobar bronchus as an isolated structure. The required dissec- 
tion opens an unwritten chapter in surgical anatomy, and I shall briefly 
sketch its problems. While variations will be encountered in the 
anatomic pattern of the segmental divisions of the pulmonary vessels 
and bronchi, a general conception of the required techniques is given 
in the accompanying description and illustrations. 

The fact that iutrahilar lobectomy is more time consuming than 
tourniquet lobectomy must be taken into eojisideration before under- 
khm this type of operation in poor risk patients. On the other 
1 d”a fair trial of the method gives evidence of an encouraging 
’ y ' of the suppnratix^e complications of convalescence and a 
t^onedhieidenee of temporary bronchial fistulas. Assessment of any 
fl,!ence on the mortality rate must await further expcieiice. 

_ r 7c* The terminal divisions of the left pulmonaiy 
Uft lower lobe are disclosed at the base of the fissure 

artery suppij inner lobes. Incision of the visceral pleura at the 
between lowei' an ” artery tliat supplies the basal seg- 

f,ase of the fissure discloses 
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bronchus arises only a few millimeters above the orifice of the bronchus 
to the dorsal segment. The imhnonary artery is found in the base of 
the fissure between upper and lower lobes by retraction of the middle 



Fig. 5. — Dissection at base of Assure between upper and lower lobes of right lung. 
Middle lobe carried forward with hook. A. D., Artery to dorsal segment of lower lobe; 
A, B.f artery to basal segments ; A. M., anterolateral artery to middle lobe. 
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PurtluT dissection right hilum. .t. f 2 ), Artery to medial segment of 

: A. Ji. ( 4 ), artery to mediastinal basal segments of lower lobe* B j/ 
bronchus: B. D., bronchus to dorsal segment; n. B., bronchus to basal 


lobe forward and incising the visceral pleura (Fig. o). The two lar-'c 
terminal divisions of the i-iglit pulmonary artery, dorsal and basal, are 
roiidily exposed, and a snmller division coursing forward to the middle 
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bronchus arises only a few millimeters above the orifice of the bronchus 
to the dorsal segment. The puhnonary artery is found in the base of 
the fissure between upper and lower lobes bj^ retraction of the middle 



Fig. 5. — Dissection at base of fissure between upper and lower lobes of right lung. 
Middle lobe carried forward with hook. A. D., Artery to dorsal segment of lower lobe ; 
A. B., arterj- to basal segments ; A. .If., anterolateral artery to middle lobe. 



. J'.'if'^ction rigid hilum. A. Jf. (i). Artery to medial segment of 

mUd o obo: a. 1 .. f.*L artery to mediastinal basal segments of lower lobe- R 1 / ^ 
"'gimmt°^'^ bronchus; f>. bronchus to dorsal segment; B. B., bronchus to liasa^ 

h 

lobe forward and incising the visceral pleura (Fig. 5). Tlie twi 
terniiiial divisions of the right puhtiotiary artery, dorsal and ba; 
readily exposed, and a smaller division coursing forward to the mid(p 


S 
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kte be Tl,« a»d i,.„al »g,.,c„l.l aeteies di- 

u lichiccn lignluiTs mul iw their oiuls retract too further ilivisioiB 
Will be exposed that iiad remained concealed (Fig. 6). The more central 
one 0 the, so is a second artery to the middle lobe and is to be pre- 
served. T!ie other passes dowmvard to .supply the mediastinal ba.sai 
segment and is divided betiveen ligatures. 

The inferior pulmonary vein is e.xposed as in a left lower lobe lobec- 
tomy and handled in a corresponding manner. 



Fig. 7. — After division of .irteriat supply, tlie lower lobe bronchus is isolated and 
grasped with tourniQuet. Flap of lung outlined with pedicle for reinforcement of 
bronciiial closure is siiowii in inserts. 


After completion of the fissures tiie broiieluis is isolated and grasped 
with the tourniquet at the level of the origin of the dorsal segment 
division (Fig. 7). Care must be taken not to include the bronchus to 
the middle lobe which may not be seen because of its anterior position. 
The divided end of the bronchus in the grasp of the cord of the tourni- 
quet will present two orifices, dorsal and liasal divisions. These may 
be converted into one aperture by excision of the earina and then 
sutured. A flap of lung tissue is used for re-enforcement as described 
(Fig. 7, inserts). 

Bight Lower and Middle Lobes: Not infrequently the e.xtent of the 
disease requires that the middle lobe he resected with the lower lobe. 
The only further anatomic consideration in such a procedure is that 
ihe venous return from the middle lobe is collected by the lowe.st tribii- 
t . r of the superior pulmonary vein and is found on the anterior 
of the hilum by retracting «ie middle lobe and the lower por- 


tion of the upper 


i' lobe backward (Fig. 8). 
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Middle Lohe: Resection of the middle lobe alone by individual liga- 
tion technique is possible but not recommended. The bifurcation of the 
middle lobe bronchus occurs at a high level and the blood supply is so 
complicated that tourniquet technic had best be employed. The hilar 
stump is so small that the disadvantages of the tourniquet technique 
would be more theoretical than practical. 



Fig. 8, — Right liilar dissuction from anterior aspect. S. P. V., Superior pulmonary vein ; 

V. .1/., tributary from miUtlle lobe. Note line of pericardial reflection. 

Upper Lohes: Time does not peimiit a detailed presentation of the 
surgical aiiiitomy of the intrahilar regions of the upper lobes. In general, 
by dissecting from above downward, the branches of the pulmonary 
artery supplying the upper lobe arc encountered in sequence and may 
be individually isolated and divided between ligatures. The major 
tributaries of the superior pulmonary veins are individually isolated and 
ligated as the pericardial reflection extends well over the main trunks of 
these vessels. If the middle lobe is to be preserved, the lowest tributary 
of the right siqierior pulmonary vein must be jireserved. 

Mcdid.slinnl (Total) Pncumoncctomij . — The techniques of total pneu- 
monectomy by isolation and ligation of the i)ulmouary ve.s.sels within the 
mediastinum have been so admirably described by a number of writers 
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The projections of the major bronchovascular segments on the surface 
of the lung are easily outlined by injection of the individual branch 
bronchi. It was pointed out to me bj^ Alfred Goldman that a lung 
macerated in a weekly corrosive solution tends to separate mto these 
component bronchovascular segments. The artifieiallj^ produced cleav- 
age planes are not transversed by bronchi but close to the hilum an- 
astomotic blood vessels are found with increasing frequency. The sig- 
nificant fact emerges that a single bronchovascular segment may be dis- 
sected from the surrounding lung if its geometric outlines can be visu- 
alized, and that the planes of this dissection are not traversed by sizable 
bronchi and by only a few anastomotic vascular channels. 



Fig. 10. — Resection of lingula completed. Bronchial stump buried and hemostatic 
suture line on under surface of upper lobe. 

Tlie technical problem involved becomes an exercise in solid geometry, 
fortunately made easy l)y re.sorting to a maneuver tliat may be referred 
to as sc[/ment(il dcJUilion. The bronchus and vascular supply of the 
desired segment are exposed by intrahilar di.ssection and the vessels 
ligated (Fig. 9). The anesthetist is then instructed to release the posi- 
tive iiUratraeheal jiressure and the lung is detiated with tiie aid of gentle 
manual prc.s.snre if nece.s.sar.v. A light damp or the .snare of a tourniquet 
is tlien applied to ocehule the bronehus. Tf a tourniquet is used, it is 
applied only to the isolated bronchu.s. Positive pro-ssiirc is tlien re- 
established and it will lie found that the segment to lie resected remains 
eollapsed while the rest of the lung is intlated. The hrondiovascular se-- 
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ment inay tlien i)e developed by dissection in the plane between collapsed 
and inflated lung. Curved clamps are used on (lie divided lung sub- 
stance to laeilitiilo the placement of hemostatic sutures. When the 
isolated bronchu.s is reached it is divided distal to the clamp or tourni- 
quet and secured by suture with plastic reinforcement from adjacent 
lung tissue (Pig. 10). 

Segmental iineumoueetomy finds its most common application in the 
resection of the lingula segment of the left upper lobe in bronchiectasis. 
It has also been employed to the lower lobe to excise a diseased basal 
segment and preserve the integrity of a normal dorsal segment. The 
deflation technique has also been found useful in deveio])ing the plane of 
incomplete interlobar fissures. 

Partial Lohectomy and Pneumonectomy . — There remains for consid- 
eration the simple removal cn Hoc of a portion of a lobe or lobes, and this 
problem may be dismissed briefly. When tlic extent of the lesion or the 
nature of the underlying pathology does not require or permit one of 
the formal types of pulmonary resection that I have described, a wedge- 
shaped segment may be removed from the peripheral portion of the lung 
and the defect closed bj' liemostatie sutures. Particularly in suppurative 
lesions tlie high frequency cautery or actual cauteiy juay be employed 
if local or regional anesthesia permits their use. If advisable, the defect 
may be packed with gauze and allowed to close by granulation with or 
withont the aid of a subsequent plastic procedure. This presupposes 
fixation of the lung to the parietal chest wall either by pre-existing ad- 
hesions, a two-stage operation, or suture. 

It will be recalled that bronchial fistulas arising from peripheral 
portions of the lung and fixed to the chest wall are more apt to remain 
open than a fistula from the hilar region that lies deeply within the 
thorax. This is true even though the peripheral fi.stula is of a much 
smaller caliber. 

APPUC.VTION OF DESCRIBED TECHNIQUES 

Haviiio' described the techniques of pulmonary resection, I shall 
briefly refer to the indications that direct their use in tlie diseases for 
whicli pulmonary resection is commonly employed. In referring to the 
series of operations on which these conclusions are based, I do not wish 
m imnlv that the methods now recommended have been consistently used 
1 . Vioiit or, as a matter of fact, will be used for any eon-sidcrable 
■ the future. The statistical tables are introduced to give some 
peno m comparative risks of pulmonary resection in 

approxima illustrate to a limited extent tlie corn- 

different ^ isea ‘ fotal pneumonectomy. A.s stated, a com- 
parative riSK lobectomy and intrahilar lobectomy is im- 

parative study of toiuniqu 
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possible at the present tune. A more complete discussion of the op- 
erative results of segmental pneumonectomy will be found in a previous 
comniunieatiou.® 

Bronchiectasis . — Time does not permit a consideration of the general 
indications for pulmonary resection in bronchiectasis. This form of 
treatment is so well established and so generally accepted that discussion 
is superfluous.^- 

Tourniquet lobectomy has been the most eonmionly applied tech- 
nique for bronchiectasis, although recently it has been found that intra- 
hilar lobectomy can be carried out to advantage in a large percentage of 
cases. Segmental jmeumonectomy is applied to the lingula of the upper 
lobe that requires resection in SO per cent of patients undergoing left 
lower lobe lobectomy. If bronchograms show the disease limited to the 
posteromedial division of the lingula bronchus, resection of the entire 
lingula is not required. The middle lobe is involved and requires re- 
section with the right lower lobe in many cases. Not infrequently the 
middle lobe represents the only focus of tlie disease, or involvement of 
this lobe may be combined with bronchiectasis of the left lower lobe. 

Careful appraisal is advisable before a program of bilateral resec- 
tion is projected. Even if the bronchi of tlie lobes tliat are to remain 
appear normal, alveolar structure is apt to be damaged by fibrosis and 
emphysema and its functional capacity reduced to a corresponding de- 
gree. In bilateral eases with scattered involvement of several broncho- 
vascular segments, normal lung tissue may be conserved by appljnng 
the principle of segmental pneumonectomy to the lower lobes; for ex- 
ample, resecting diseased basal segments and preserving normal dorsal 
segments. There is probably no good reason at the present time for 
attempting to divide the lower lobe by this technique unless a bilateral 
program is under consideration. 

Cases of bronchiectasis that require total pneumonectomy are usually 
so far advanced that individual ligation of the vessels will be found im- 
po.ssible and recourse to tourniquet technique will be necessary. 

The immediate results of the application of pulmonary resection in 
bronchiectasis are summarized in Table I. 


Lung Abscess . — The indications for pulmonary resection in hum 
abscess are still in a formative state and invite discussion. The necrotiz- 
ing anaerobic infection of putrid lung abscess not infrequently leaves 
an irreparable defeet in the lung. If external drainage is delayed or 
inadequate and the infection enters the chronic state, tiiere will be found 
neighborhood foci of bronehiectasLs ius well as irrevei-sible fibrotie ehamms. 
Earlier external drainage will lend to reduce the number of cases show- 
ing extensive and irreparable damage, but there will always remain in- 
stances of infection that were massive from the time of onset and cer- 
tain eases that fail to i-eceive adequate eare. 
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Table I 

PUL.AfOXAUV liESECTlONS KOU BllOXOHIECTASiS 
(IO-Ykiiii Peiiiob) 



NO.MBEIi 

tIO.Sl'ITAL DEATHS 

% 

*V. Lobectomy* 

Uinhitornl 

113 

o 


BiiiUora! (li cases) t 

12 

1 



134 

3 

2.4 

B. Total pneuinonectoriiy 

Single stage 

7 

1 


Lobar stages 

2 

0 



9 

1 

ll.l 

All resections 

133 

4 

3.0 


♦Segiiieutal resection of the UnguUt has not been iteini^jcd as a separate procedure 
when performed with or subsequent to left lower lobectomy. Two cases of segmental 
resection of t)m basal segment of left lower lobe and lingula are counted as lobectomies. 
tX-t U + lit iU, 3 ; lit U + ht U, 2 t Rt. U + W. + Lt. U, 1. 


Tlie problem of lung- abscess tlicrapy by no means ends with the 
establishment of external drainage. In reported studies of end results 
the number of cases classified as “improved” rather than “cured” is 
striking. Even though subsequent healing appears sound, recurrences 
are not rare events. In our experience a recurrent abscess has never 
been cured by reestablishing drainage.'^ 

Pulmonary resection niay bo undertaken either as a primary pro- 
cedure or secondary to the establislmient of external drainage. As a 
primal'}- operation it is recommended for consideration in the subacute 
or chronic i^hases of tlie disease when multiple cavities are present or 
irreparable damage to the lung is apparent. Primary resection should 
receive consideration in upper lobe abscesses that are notoriously diffi- 
cult to drain without undue mutilation of tlie slioulder girdle muscu- 
lature or that may require subsequent thoracoplasty to bring about heal- 
ino'. Recurrent hemorrhage either before or after external drainage may 
make resection a procedure of necessity if not of elioice. 

In o'eneral, the reflection of a serious bout of infection on the consti- 
tntioii'of the patient Avili speak for drainage as the first step in surgical 
treatment. As tlie active infection subsides, tiie damage may be more 
irecisely assayed and resection em])loycd as a measure to promote heal- 
iu"' I have not been at all .satisfied witli the use of nuescle flap imphnta- 
■ • other form of plastic closure of residual lung abscess defects, 

pSLlT muscle grafts are permanently successful in my hmids only if 
the cavity is mdloeular, if it possesses flexible walk, and it there i.s no 
adjacent bronchiectasis. 


drainage is mam 
III earryiii 
mended that 


•" . , primary resection for lung nbsecs.s, it is roeom- 

Iii carrying pi-eeautions be taken to avoid emptying the absco.ss 
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contents into the bronchial tree. This inaj’- be avoided bj^ immediate 
placement of a tourniquet around the hilum before mobilizing the ad- 
herent lung. If a barrier of adhesions prevents this maneuver, the outer 
shell of the abscess cavity may be incised and its contents evacuated by 
suction, accepting the added contamination of the pleural cavity that is 
entailed. The cavity of a large abscess will usually be entered later dur- 
ing the amputation of the lobe so the factor of contamination is rela- 
tively unimportant. 

The edema of acute infection and the hyperplasia of bronchial lymph 
nodes makes intrahilar isolation of the pulmonary blood vessels imprac- 
tical or actually hazardous, so tourniquet technique is recommended also 
for this reason. Dilatation of vessels reaching the lung from the sys- 
temic circulation, not only the bronchial arteries but small arteries from 
the mediastinum, makes special care in the suture of the stump im- 
perative. 

Abscesses that present on the surface of an interlobar fissure or that 
have crossed a fissure and extended into an adjacent lobe require special 
comment. A portion of the outer wall of an abscess cavity may be left 
adherent to an adjacent lobe if development of the fissure means damage 
to the normal lung. If the abscess extends into another lobe, the in- 
volved area may be excised en hloc or left widely opened to drain into 
the empyema cavity. If involvement of the adjacent lobe is extensive, 
total pneumonectomy may be indicated and carried out immediately or. 
in lobar stages. 

When pulmonary resection is undertaken secondary to external drain- 
age of a lung abscess, the operation should be postponed until the man- 
ifestations of active infection have subsided. If drainage is perfect, 
tlic.se patients often regain a state of robust Iiealth, althougli they are 
apt to experience periodic exacerbations of infection or recurring ep- 
isodes of hemoptysis or hemorrhage from a persisting bronchocutaneous 
fistula. 

In a secondary operation mobilization of the lobe is usually readily 
accomplished once the zone of dense adhesions that surrounds the win- 
dow in the chest wall is passed. Amputation by tourniquet technique 
is recommended because the fibrosis of the perivascular lymphatics 
within the hilum offers a barrier to dissection of the blood vessels. 

The results of pulmonary resection for lung abscess tabulated in 
Table II show an increased hazard in ojierativc mortality when com- 
pared to the bronchiectasis group. This increased ri.sk is largely due to 
the more virulent nature of (he infection harbored by these patients. 
Brief reference to the fatal cases illustrates this point. 

tA.SK 1.— Fniiiary tourniqui.t Uibei-tumy for Iieinolytic !.troj)toeoceus .Tbsce^s 
(I'lire culture) of tlio mUlille lobe. Death due to generalized streptoeoceu.s bacteremia 
before the day..* of ehemotherapy. 



9S2 


SURGERY 


I’.IBLE I 


PULiroXARV HESECTIOA’S i'OB Bboncihectasis 
(10-Yeak Period) 



XU.MBER 

IfOSPITAI, DEATHS 

% 

— 

A. Lobectomy* 

Uihliiteral 

112 

2 



Bilateral (C cases) f 

12 

i . 




124 

3 

2.4 


B. Total pneumonectomy 
Single stage 

7 

1 



Lobar stages 

2 

0 




9 

1 

11.1 


All resections 

133 

4 

3.0 



‘Segmental resection of tiie lingula lias not been itemiired as a separate procedure 
when performed with or subsequent to left lower lobectomy. Two cases of segmental 
resection of the basal segment of left lower lobe and lingula arc counted as lobectomies. 


tut, U + Rt M., 3 ; Rt. L. + Lt. U. 1 ; Rt. R. + M, + Rt. L., 1. 


The problem of lung abscess therapy by no means ends with the 
establishment of externa! drainage. In reported studies of end results 
the number of eases classified as "improved” rather than “cured” is 
striking. Even thougli subsequent healing appears sound, recurrences 
are not rare events. In our experience a recurrent abscess has never 
been cured by reestablishing drainage.^® 

Pulmonary resection may be undertaken either as a primary pro- 
cedure or secondary to the establishment of external drainage. As a 
primary operation it is I'eeommeiided for consideration in the subacute 
or chronic phases of the disease when multiple cavities are present or 
irreparable damage to the lung is apparent. Primary resection should 
receive consideration in upper lobe abscesses that are notoriously diffi- 
cult to drain witliout undue mutilation of the shoulder girdle muscu- 
lature or that may require subsequent thoracoplasty to bring about heal- 
ing. Eecurrent hemorrhage either before or after external drainage may 
make resection a procedure of necessity if not of clioiee. 

Tn o-eneral the reflection of a serious bout of infection on the consti- 
fution of the patient will speak for drainage as the first step in surgical 
Ltment As the active infection subsides, the damage may be more 
tieauiim . resection emplo.ved as a measure to promote heal- 

precise satisfied witli the use of muscle flap implanta- 

ing. I plastie rfosure of residual lung abscess defects, 

tions or othe ^ permanently successful in my liands only it 

Pedicle muscle n ft 

the cavity is ’ ^.jjgge conditions healing will ii.snaJIy 

adjacent bronchiec a . adequately unroofed and 

„«»• tosersp»« ot time. 

drainage is ‘ resection for lung absees.s, it is recom- 

In carrying out a P ‘ to avoid emptying the ahsees.s 
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Tuberculosis .— efficacy of collapse therapy at a relatu^ely low 
risk has kept pulmonary resection for tuberculosis at a minimum. Ad- 
vance has been made more through operations performed under mis- 
taken diagnoses than by deliberately planned resections. 



Fis- 11- — Patient described in Case 3. 

At the prc.sent lime bronchial stenosis is the most suggestive indica- 
tion for re.seetion in this disease and presents the greatest obstacles for > 
treatment by any other measure. Blocked cavities, either air containing 
or tilled with caseous material that has not found an outlet into the , 
bronchial tree, may offer indications for resection, A third possible in-J 
dicatiou for extirpation may exist in lesions so situated that the likeli.| 
hood of closure by collapse therapy is slight. The enthusiast shoulijy 
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TolTy ^ 

^^Dg/a stage 
^ob«r stages 

B. Secondary to drainage 
•^obar stages 


2 

0 


14 


28.5 



Case 2. Pnnj ^ ~~ 

abscess 

CASE S.-Pr;,,,,.... ... ■ 


Case 3.— Prij„.,ry 
p>^tHd post,o:sz:;^:::::^^-y -•» ^obar stages 

“PPer and ndddie Jobe reseTtfon bT Imj"' aad 

'O'e dorsal segment of Jo„e,. j '“Peetion sJioivn to b-ire e”” S^'^^ed right 

«-itb death on table l!, i!."". .^“"-Vet reseetiol « 

danng mobilization of Jobe. 


bater „-ith death on table 27' "7Ie7io7T «a«'»'e toT 

during luobiJizatln,, .., '" ®"'Pf^ung abscess cavifv ■ /°''®'’ '°*‘® months 

^ ''■'“‘beobronchial tree 


7 ”• -''^‘oiqnet lobectomy ri..;,f 

rions for mnltiloeular putrid abs7« T ^uPoA'ino. t„> , 

Disease.-Both the eJinieal an l ' 
genital cystic disease of tJie Jung are of eon 

7» .M„ „,i, * t. and on,,. „ »»- 

einded n..do>- l.mg abaeas on b-ondneeJafe t?'' *»« '«n in! 

Plltomiy resections for ^bsce.'s and bronejo!'”'"''''*® 8“'™ 

CJ-S .C disease and need not be repeated. 1, I? T <« 

contra ateral pneumothorax occasioned bv fl.^ oecurred fro,„ 

pleural cyst of tiie supposedly sound lun-^' tf of a .sub- 

kept in mind. eonsjcJeration should bo 

Table III probably gives too grave an estimate of tb i 
iiioiiary resection' in this disorder. Tim number of of pni- 

appraisal on a percentage basis. ^ cn.ses is too small for 
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Tumors . — The challenge of neoplastic disease has been second only to 
the exigencies of wounds of battle in leading surgeons to overstep the 
limitations of established precedent. Tumors are classified as benign or 
malignant on the basis of the natural history of their behavior rather 
than on the basis of Avhether or not they may prove fatal to the indi- 
vidual patient. It is important to bear this fact in mind in any con- 
sideration of pulmonaiy neoplasms, as a small benign tumor not infre- 
quently produces the fatal sequelae of bi’onchial obstruction. A classifi- 
cation based on the natural history of the tumor is, hoAvever, of great 
importance in determining the type and magnitude of surgical resection. 

During the ten-year period ending April 1, 1940, a clinical diagnosis 
of primary tumor of the lung was made in 380 cases at the Massachusetts 
General Hospital.'^ It was confirmed by microscopic examination in 172 
cases, of ivhieh 155 are classified as pidmary bronchogenic carcinoma, 15 
as adenomas or carcinoids, 1 as neurofibroma, and 1 as hamartoma. The 
frequency of benign tumors in the entire group is but 4.4 per cent, a 
relatively insignificant number. The frequency calculated for the group 
Avith microscopic confirmation of the diagnosis rises to 10 per cent. If 
attention is directed to the group in Avhich resection ivas carried out, 
it is found that benign lesions account for approximately 30 per cent of 
resectable bronchogenic tumors. If consideration is still further limited 
to patients surviving resection Avith apparent arrest of the disease, be- 
nign lesions comprise 64 per cent. These figures are cited to shoAV hoAv 
important it is for surgeons and pathologists to agree in their definitions 
before comparing results in the treatment of lAulmonary neoplasms. 

Bronchial Adenoma (Carcinoid) : It is said that this tumor can be 
adequately handled by bronchoscopic methods, eitlier by extirpation Avith 
or Avithout the use of the diathermic electrode, or by tlie application of 
radium. In only 4 of 15 eases has this approaeli been applicable clin- 
ically or given satisfactory clinical results. A careful study of the gross 
lesion in the 11 ea.ses subjected to resection gives convincing evidence 
of the inadequacy or frank impossibility of eradicating the tumor by 
endoscopic methods. The extraluminal portion of the tumor is almost 
invarialily of much greater bulk than the intraluminal portion. In ad- 
dition, the lung distal to the obstructing tumor has suffered irreparable 
damage. 

In our experience lymph node iin-olA-omenl has not been observed as 
an early or late manifestation of bronchial adenoma. Rc.section of the 
tumor itself, therefore, Avith the .segment of lung that has been ir- 
reparably damaged appears to be an adequate therapeutic goal. As the 
tumor rarely is situated distal to the lobar bronchi, lobectomy Avill be 
the minimal extent of the re.seclion. In early rases Avitli a minimal 
degree of infection and lung damage intrahilar lobectomy is advi.sable as 
the bronchus mu.st be amputated at a high level. If the tumor impinges 
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tread on tliis ground with caution and only after a long experience with 
modoru methods of collapse therapy. 

Table III 


PuLilOXAKY KE-SECTION FOR CYSTIC DISEASE 
(IO-Year Period) 



number 

HOSPITAL DEATHS 

% 


Lobectomy 

3 

0 



Sogmentiil pneumonectomy 

I 

0 



Total pneumonectomy 





Single stage 

1 

1 



Lobar stages 

I 

1 




G 

2 



All resections 

6 

2 

33.3 



On theoretic grounds clinical experiments Avith pulmonary resection 
in tuberculosis should be limited to cases of chronic isolated bronchogenic 
phtbisis.^^ 

Eesection should be carried out by individual ligation of vessels and 
suture of the bronchus unless access to the liilar region is absolutely 
blocked. A limited experience indicates that hilar dissection in tuber- 
culosis is more readily accomplished than in bronchiectasis, due to less 
inflammatory reaction in the peribronchial lymphatics. Once the pri- 
mary lesion is established, tnherculons foci in an organ do not produce 
a lesion in the corresponding lymph nodes.” It may also be pointed 
out that pre-existing pleural effusion attending artificial pneumothorax 
therapy may result in an almost bloodless cleavage plane as contrasted 
with areas in udiicli a diseased lung has remained in contact Avith the 
parietal chest Avail. A preceding pleural effusion, therefore, is in no 
way a contraindication and may indeed provide strategically favorable 

conditions. 

A limited e.xperience with pulmonary resection in tuberculosis is 
I’ccorded in Table IV. 

Table IV 


PUWtOXABV HESECTlOa FOR TVBERCVWSSS 
(10-Ye.vr Period) 



Lobectomy 

Total pneunioneefcnp 

Single stage 
Lobar stages 


All reseetions^^___ _ 


2 

ii* 

5 

5 
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ritmors.— The challenge of neoplastic disease has been second only to 
the exigencies of wounds of battle in leading surgeons to overstep the 
limitations of established precedent. Tumors are classified as benign or 
malignant on the basis of the natural history of their behavior rather 
than on the basis of whether or not they may prove fatal to the in i- 
vidual patient. It is important to bear this fact hi mind in any con- 
sideration of pulmonary neoplasms, as a small benign tunioi not m le 
quently produces the fatal sequelae of bronchial obstiuetion. * c assi 
cation based on the natural history of the tumor is, hoMeiei, o 
importance in determining the type and magnitude of suigica lesec 
During the ten-year period ending April 1, 1940, a clinical diagnosis 
of primary tumor of the lung was made in 380 eases at the :^Iassaehusetto 
General Hospital.'^ It was confirmed by microscopic examination in 
cases, of which 155 are classified as primary bronchogenic carcinoma, la 
as adenomas or carcinoids, 1 as neurofibroma, and 1 as hamaitoma. le 
frequency of benign tumors in the entire group is but 4.4 pei cent, a 
relatively insignificant number. The frequency calculated foi the 
with microscopic confirmation of the diagnosis rises to 10 pei 
attention is directed to the group in w'hieh resection ivas cariiec ou , 
it is found that benign lesions account for approximate! j 30 per c®nt o 
resectable bronchogenic tumors. If consideration is still fuithei limit ec 
to patients surviving resection wfith apparent arrest of the disease, e 
nign lesions comprise 64 per cent. These figures are cited to show io\\ 
important it is for surgeons and pathologists to agree in their definitions 
before comparing results in the treatment of puhnonary neoplasms. 

Bronchial Adenoma (Carcinoid) : It is said that this tumor can be 
adequately handled by brouchoscopic methods, either by extirpation with 
or without the use of the diathermic electrode, or by the application of 
radium. In only 4 of 15 cases has this approach been applicable clin- 
ically or given satisfactoi\y clinical results. A careful study of the gioss 
lesion in the 11 cases subjected to resection gives convincing evidence 
of the iiiadeipiacy or frank impossibility of eradicating the tumor by 
endoscopic methods. The extraluminal portion of the tumor is ahnost 
invariably of much greater bulk than the intraluminal portion. In ad- 
dition, the lung distal to the obstructing tumor has suffered irreparable 
damage. 

In our experience lymph node involvement has not been observed as 
an early or late manifestation of bronchial adenoma. Keseetion of the 
tumor itself, therefore, with the segment of lung that has been ir- 
reparably damaged appears to be an adeciuate therapeutic goal. As the 
tumor rarely is situated distal to the lobar bronchi, lobectomy will be 
the minimal extent of the resection. In early eases with a minimal 
degree of infection and lung damage intrahilar lobectomy is advisable as 
the bronchus must be amputated at a high level. If the tumor impinges 
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, •^'-‘nuEBY 

^Won tho ni.;« 

mo«eetom.y hvouehi as f 

- ^eaw., ,, uir:- i t 

0 «>«- i^enio,, ..n, ‘ 

™^‘^^>ocIs as tl.oir4r!,;ri‘o bv a 

'■>»d ioeation pe„nit (Table V) 



Hainartoma 

Partiai Jobeetoiny 


90 O 


^euroRbfonin 

Lobectomy 



Bronchogenic Carcinoma 

7MO’ _ :i 


^’^•".moma; Of Itifi 

ling confii'med mieroseopicallv, 155 hair"*'’'’ fimoi-s of tbe 

sarcoon. The siogie case of s;LoJr 1 i 

tony and « well Of the 155 cnsl ofZ Pneinnonec- 

appeaied feasible in 52 (33.6 per cent) ^'^™ary carcinoma, operation 
inoperable by thoracotomy and resection P^'^eiJ 

per cent). Fifteen of the 27 subjected to ■ out in 27 (17 4 

and 7 have died subsequently of their diseT''^'^' m, ^mspital 
0 patients tvith no apparent residual or recurmit l' 

These results are very similar to tho. ■ ^ ^ 

notes a salvage of 6 patients out of a total of 1-9 who 

different from the situation that i.s found in 

where a salvage of 10 hve-.vear cures out of -i i .stomach 

sentative result.^' ‘ ® nt 200 cases is a repre- 

Iii a consideration of the fj-pe of resection tiuit ‘ / i 

r carcinoma of the lung, the problem or »/'' i"ii’i-ied out fo/- 

■■ . ■,. , ‘ '^1 I'lc reuifivni ■ 


primary carcinoma ot tlie lung, the problem of Um .. on; tor 

lymph nodes comes immediafelv to attention The ‘'rftional 

cancer in other organs has been established as ttu- total operation for 

organ and the removal en bloc of regional h-ninh tii.... ' t ‘*1’ the 

. imuHs. An exception, im. 
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portaiit by analogy, may be noted in the ease of the stomach, as total 
gastTectomy is commonly performed only when the site of the primary 
growtli demands sacrifice of tlie cardia. 

In proposing total pneumonectomy as the only acceptable procedure 
for carcinoma of . tire lung one must take into consideration the differen- 
tial operative mortality rate of the complete operation as contrasted with 
that of lobectomy. It will also be recalled that the possibility of a last- 
ing arrest of malignant disease diminishes to a discouraging degree once 
involvement of the lymph nodes has oeenrred, so relatively few patients 
ma3^ be saved by even the most radical procedures. The lymphatic sys- 
tem of the hilar region is exceedingly complex and poorly designed for 
precise surgical dissection. 

When total pneumonectomy is pimposed in order to remove more ade- 
cpmtely a potentially invaded lymphatic area, the question may be 
framed in simple terms; What price is paid in operative mortality for 
a few additional centimeters of regional lymphatics? In the greater 
number of cases of broncliogenie carcinoma this ipiestion will not be 
raised because either the anatomic site of the primary tumor in the hilar 
bronchi will demand total pneumonectomy, or gross invasion of hilar 
nodes will call for an attempt to remove them. I refer only to a limited 
group of eases with peripheral tumors and without gros.s involvement of 
regional lymphatics. In these instances I continue to advise lobectomy. 

Lobectomy and total pnenmoneetomy for carcinoma should be carried 
out by intrabilar and mediastinal dissection teclniiqne. Recourse to 
tourniquet amputation is to be condemned except under unusual circum- 
stances. 


T.\ble VI 

Pcrnrox.uiY Kb-sectiox-.s for II.vligx.vxt TuJtoR.s 
<10-Yk.xr Period) 



kvmbeh 

HOSPITAL. PEATJJS 

% 

-V. Priiiiiiry 

Sareoina 

Total pneumonectomy 

\ 

0 


V-urcinoma 

LolJectomy 

7 

o 


Total pimimoncctomy 

21 

1-1 



29 

30 

55.0 

li. 

Unilateral 

1 

0 


Bilateral (1 ease) 

O 

0 


l.olieetoiay 

V> 

0 


Total piieuiuoneetomy 

1 

0 



ti 

0 

0 

-Ml reseel ions 


10 

■15.7 
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Metastatic Tumors: TJie stohiv nf i 
metastatic the ]„„„ t, '""“‘’I foi’ known 

general, it may be takeji under considei-u’^' experimentation. In 

of a tumor of relatively low o'z-ade ma]{o.r, ^ solitary metastasis 

complete eradication of the primary growtr^'ukT 7 T 
in cases of hypernephroma with a soIiHv^r V ° considered 

Resection of metastatic tumors is usually a . 
as the complications of infection tint a.- f ' ^ technically 

mccted by lobcclcmy or p„o..,„on«,„,„y ,ri,h ktnhiht 

dissection. Metastases to tliA k,. i f " mtiaiidai or mediastinal 
......y bro„cl.„,. -J- 'l-iy ci„.„l.tc pri- 

«erooehme,it rcsplt. ““ >>,„..chi.l 


1 ABLE VII 

All PtiLiioNARY Resections 
(IO-Yeae Period) 


Bronclueetasis 
Lung abscess 
Cystic disease 
Tuberculosis 
Benign tumors 
ifalignant tumors 


NUMBER HOSPITAL DEATHS 


133 

2a 

6 

3 

n 

35 

218 


% 


4 

5 
2 
1 
0 

16 

30 


Table VIII 

All Pulmonary Resections 
(10-Year Period) 


number 


3.0 

18.0 

33.3 

25.0 

18.1 

45.7 

13.8 


Lobectomy 



% 

Partial 

6 

0 

9 


Complete 

160 



172 

9 

5.2 

Pneumonectomy 




Single stage 

40 

19 


Lobar stages 

6 

2 



46 

21 

45.0 

All resections 

218 

30 

13.8 


CONCLUSION 

Tables VII and VIII summarize the experience of the past ten years 
with various types of pulmonary resection performed for discuses that 
commonly present indications for surgical tbonipy. 
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Bletastatic Tumors: The status of piilmojiaiy resection for known 
metastatic tumors of the lung is admittedly one of experimentation, In 
general, it may be taken under consideration wlien a solitary metastasis 
of a tumor of relatively low grade malignancy appears in the lung after 
complete eradication of the primary growth. It is also to be considered 
in eases of hypernephroma with a solitary pulmonary metastasis.^® 
Keseetion of metastatic tumors is usually a simple matter technically 
as the complications of infection that are found in primary tumors are 
absent. Peripheral nodules may be removed en bloc and larger growths 
resected by lobectomy or pneumonectomy with intrahilar or mediastinal 
dissection. Metastases to the bronchial wall may closely simulate pri- 
mary bronchogenic carcinoma as the signs and symptoms of bronchial 
encroachment result. 


Table VII 


All PuLiiosARY Besectious 
(IO-Year Period) 



NUMBER. 

HOSriTAL DE.WUS 

% 

Bronehieotasis 

J33 

1 

3.0 

Lung abscess 

2S 

5 

18.0 

Cystic disease 

6 

2 

33.3 

Tuberculosis 

5 

1 

25.0 

Benign turners 

11 

2 

IS.l 

Malignant tumors 

35 

16 

45.7 


218 

30 

13.8 


Table VIII 



All Pulmosakv Be.se<’Tioxs 



(10-Ye.ir Period) 




svitaicii 

HOSPITAL DEATHS 

9f. 

Lobectomy 




Partial 

0 

0 


Complete 

I<!(i 

9 



172 

a 

5.2 

pneuiiiouoctoiiiy 




Single stage 

40 



Lobar stages 






2i 

4.7.0 


*>18 

::o 

l.'t.S 

All resections 
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Hblcs VII and YlH summarise the .-.xp.-r 
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ii'iici’ III' the (last icti years 
of pulmonuiy re.secii»!! i»erl'..riried Cm- disea.ses that 
uriyp'-esent indications lor smyieal .)iera(.y. 
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palliative procedure in the alleviation of manifestations^®® It has also 
been claimed that life may he prolonged a few months. King®' found 
that the average duration of life in those eases treated by irradiation 
was 15.4 months as compared with 9.3 months for the entire series. In 
59 cases treated by irradiation, Chairdler and Potter®® found that the 
average duration of life was 11 months ; whereas, in 61 untreated cases 
it was 6 months. Similarly, Ormerod^®® also observed a slight increase 
in duration of life of the treated series. The only case reported that 
has lived 5 years following irradiation therapy is that of Harper.®" On 
the other hand, Brock,®® who is of the opinion that irradiation therapy 
is of little value in prolonging life, refers to a case in which the patient 
lived 8 years after onset of symptoms without any treatment. In fact, 
there is some evidence that ii-radiation therapy actually may be det- 
rimental.®®- ®®’' Overholt^®® found that the average dm-ation of life 
in a series of cases treated by iri*adiation was 5.6 months ; whereas, the 
untreated cases lived 8 months. Saupe®-*® observed that 50 per cent of 
the patients in a series of 200 eases treated by irradiation died in the 
first 3 months after treatment and only 15 per cent showed any im- 
provement. AVe agree with numerous other investigators'®* that 
irradiation therapy in primary carcinoma of the lung is of little, if any, 
value. 

MBiereas it is now generally agreed that surgical treatment is the 
only form of curative therapy, apparently some*'- “®- '®® are not yet 

convinced that total removal of the involved lung is the procedure 
of choice. These believe that lobectomy is indicated in selected cases. 
As previously emphasized, it is our firm conviction that any procedure 
short of total removal of the involved lung is irrational and only by 
total pneumonectomy can the primary focus as well as the regional 
lymph nodes be adequately removed. Obviously lobectomy does not 
permit extirpation of the regional lymph nodes and the significance of 
this fact is clearly emphasized by the high incidence of lymph node 
involvement. In a series of 2,579 collected cases the regional lymph 
nodes were involved in 75.9 per cent. That this is not a theoretical 
argument is shown by the fact that in Form's®® eolleeted cases of 
pneumonectomy the incidence of recurrence was 9 per cent in contrast 
to 25.8 per cent following lobectomy. 

OperahilUtj . — The operability in carcinoma of the lung is dependent 
upon a number of factors. Everything else being equal, the operability, 
as in carcinoma elsewhere, depends upon the length of time which has 
elap.sed since the onset of symptoms. Alauy of the cases which have been 
allowed to in-ogress for a considerable period of time are inoperable when 
they arc first seen l)y the pliysician. Factors which preclude the possi- 
bility of resection are distant mctastascs; involvement of the contra- 
lateral lung; evidence of advanced mediastinal involvement, as indicated 
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best operative approach is aii anterior one. Anotlier decided advantage 
of preoperative pneinnotliorax is the gradual compression of the pul- 
nionaiy capillary bed 'ivliieh gives the right heart a chance to compensate 
for the increased peripheral resistance in this area, thus mitigating the 
sudden change ivhich occurs following the cutting off of tlie blood supply 
to the involved lung at the time of ligation of the pulmonary vessels. 
This is particularl.y true in elderly patients whose cardiac reserve is 
diminished and in wliom malignaue.y of tlie lung is likely to occur. 
Edwards^® has emphasized that an additional advantage of the pre- 
liminary artificial pneumothorax is that it permits tlie determination of 
the abilit}’- of the patient to carry out respiratory function with one 
lung by compressing the normal remaining parts of the affected lung. 
He also believes that the opening of the pleural caviti^ at the time of 
operation is accomplished with less discomfort to the patient if a pre- 
liminaiy artificial pneumothorax has been done. We have not used the 
intrapleural injection of beef broth as suggested by Rieulioff,”^ which 
presumabl.y increases the reaction of the pleura and prevents infection. 
Recently this procedure has been successfully used by Samson and Hol- 
man.'-'^ 

Another preparatory measure consists in the general rehabilitation of 
the patient. It is important to place the patient on a high vitamin, 
high caloric diet. Because of the frequency of an associated infection 
and consequent vitamin C deficiency, it is essential that these patients 
be given large doses of cevitamic acid. Generally we administer at 
least 500 mg. dailj^ for a week or ten days prior to the operation. In 
addition to this they are given thiamin chloride in approximately 30 
mg. doses daily for the same period of time. This latter increases the 
appetite and gets them in better physical condition. As patients with 
pulmonary carcinoma usually have an anemia because of the asso- 
ciated infection and hemorrhage, transfusion of whole blood should be 
given preoperatively. At the time of operation it is necessary to have 
two or three available donors, because prolonged bleeding may follow 
division of extensive adhesions and because of the possible accidental 
massive hemorrhage in which administration of blood during operation 
is frequently lifesaving. 

The problem of anesthesia in intrathoracic surgeiy is a most im- 
portant consideration. No attempt will be made here to discuss in de- 
tail this jfiiase of the subject as this has been adequately j-eviewed in 
previous publications.”’ Suffice it to say that the most im- 

portant desiderata are complete control of intrapulmonic pressure, ade- 
quate facilities for a.spiratiou of secretions in the respiratory passages 
during the operation, the maintenance of quiet respirations and high 
oxygenation, the avoidance of distres-sing cough reflex, and the rapid 
return to consciousness following completion of the operation. It is 
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by marked widening of the mediastinal shadow in roentgenograms ; fixa- 
tion of the trachea and bronchi and widening of the carina as well as 
extension of the neoplastic process above the bifurcation, as determined 
bronehoscopically ; involvement of either the phrenic or vagus nerves, as 
indicated by paralysis of the diaphragm and vocal cords respectively; 
and extension of the neoplastic process to the pleura, demonstrated by 
thoracoscopic examination and b}' the presence of malignant cells in the 
aspiiated pleural fluid. In addition to the manifestations of involve- 
ment by the malignant process itself, debility and advanced age are 
contraindications to radical extirpation. 

Whereas most of the factors mentioned above are evidences of inopera- 
bility, widening of the carina and apparent fixation of the trachea and 
bronchi in themselves are not justification for omitting exploration, be- 
cause occasionally one is agreeably surprised to find that the apparent 
mediastinal involvement is on an inflammatory basis and that extirpation 
of the involved lung together with the inflammatory mediastinal nodes is 
possible. On the other hand, apparently operable eases occasionally will 
be found inoperable at exploration because of involvement of important 
mediastinal structures by the neoplastic process or because of the im- 
possibility of completely removing the tumor. li is oxir firm conviction, 
however, that borderline cases should always be given the benefit of ex- 
ploration even at the risk of closing up a relatively large number without 
removing the tumor, because it is the only means by which operability 
can be absolutely determined in these instances. The operability in 
carcinoma of the lung is still far too low, probably due to the fact that 
the diagnosis is not made early. In 139 collected cases”’ ”” 68 

(49 per cent) were operable; whereas, in our series of 30 cases 19 (63.3 
per cent) were operable. Our higher operability incidence is probably 
due to the fact that we have explored cases wliicli apparently were in- 
operable, but in which we found at the time of operation that a satisfac- 
tory extirpation of the involved lung and regional lymph nodes could 


be done. 

As previously emphasized, we are convinced that a preliminary arti- 
ficial pneumothorax is e.xtremcly de.sirable in the preparation of these 
patients for pneumonectomy. Generally one to two weeks are recpiired 
to complete the pneumotlmrax, which is done in stages, increasing the 
amount of intrapleural pressure gradually until the pressure is definitely 
the positive side. Preoperative pneumothorax is of diagnostic im- 
norfinee in determining the presence, extent, and location of adhe.sions. 

uermitting the preoperative planning of tlie operative procedure. 
t 7 « desirable also following pneumothorax to take roentgenograms with 
U IS utb i,p.ul.clown position in order to determine more clearly 

tue m th^ ^ I.. 

the e.xtent oi ad posterolateral ap- 

cases m '' in cases in which there are apical adhc.sions, the 
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best operative approach is an anterior one. Another decided advantage 
of preoperative pneumothorax is the gradual compression of the pul- 
monary capillary bed which gives the right heart a chance to compensate 
for the increased peripheral resistance in this area, thus mitigating the 
sudden change which occurs following the cutting off of the blood supply 
to the involved lung at the time of ligation of the pulmonary vessels. 
This is particularly true in elderly patients whose cardiac reserve is 
diminished and in whom malignancy of the lung is likety to occur. 
Edwards^® has emphasized that an additional advantage of the pre- 
liminary artificial pneumothorax is that it permits the determination of 
the ability of the patient to cany out respiratory function with one 
lung by compressing the normal remaining parts of the affected lung. 
He also believes that the opening of the pleural cavity at the time of 
operation is accomplished with less discomfort to the patient if a pre- 
liminary artificial pneumothorax has been done. We have not used the 
intrapleural injection of beef broth as suggested by Eienhoff,*^'* which 
presumably increases the reaction of the pleura and prevents infection. 
Recently this procedure has been successfully used by Samson and Hol- 
man.^« 

Another preparatory measure consists in the general rehabilitation of 
the patient. It is important to place the patient on a high vitamin, 
high calorie diet. Because of the frequency of an associated infection 
and Consequent vitamin C deficiency, it is essential that these patients 
be given large doses of cevitamic acid. Generally we administer at 
least 500 mg. daily for a week or ten days prior to the operation. In 
addition to this they are given thiamin chloride in approximately 30 
TOg. doses daily for the same period of time. This latter increases the 
appetite and gets them in better physical condition. As patients with 
pulmonary carcinoma usually have an anemia because of the asso- 
ciated infection and hemorrhage, transfusion of whole blood should be 
given preoperatively. At the time of operation it is necessary to have 
two or three available donors, because prolonged bleeding may follow 
division of extensive adhesions and because of the possible accidental 
massive hemorrhage in which administration of blood during operation 
is frequently lifesaving. 

The problem of anesthesia in intrathoracic surgery is a most im- 
portant consideration. No attempt will be made here to discuss in de- 
tail this phase of the subject as this has been adequately reviewed in 
previous publications.”- Suffice it to say that the most im- 

portant desiderata are complete control of intrapulmonie pressure, ade- 
quate facilities for aspiration of secretions in the respiratory passages 
during the operation, the maintenance of quiet respirations and high 
oxygenation, the avoidance of distressing cough reflex, and the rapid 
return to consciousness following completion of the operation. It is 
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obvious, therefore, that the availability of a skillful and highly trained 
anesthetist is essential. Probably in no other operative procedure is 
this a more important consideration. Moreover, a highly trained 
anesthetist can greatly facilitate the technical difficulties of the opera- 
tion by^ “'washing out” the carbon dioxide and thus keeping the 
patient in relative apnea. Because the operative procedure of pneumo- 
nectomy entails the wide opening of the thoracic cage, pulmonary 
ventilation may be embarrassed. For this reason readily available posi- 
tive pressure is desirable. This is considerably facilitated by the 
presence of an intratracheal tube. Moreover, aspiration of secretions 
in the tracheobronchial tree is more easily performed with an intra- 
tracheal tube in place. Whereas in a previous publication we stated 
that there were certain undesirable features associated with the use of 
an intratracheal tube, we are now of the opinion that these disad- 
vantages may be obviated by greater care and skill in its introduction. 
Of particular importance also is the preoperative bronchoscopic aspira- 
tion of any secretions in the tracheobronchial tree. This will minimize 
considerably the spillage of retained secretions in the involved lung 
during the course of the operation. Bronchoscopic aspiration should 
also be done immediately following the completion of the operation. 
This procedure will decrease considerably the incidence of postopera- 
tive pulmonary complications. 

Whereas the choice of anesthetic agent appears to be a matter of per- 
sonal preference, there is unanimity of opinion regarding the fact that 
it should be one which permits the administration of a high concentra- 
tion of oxygen. This is possible with both cyclopropane and ether. 
On the basis of our experience the former is preferable. On the other 
hand, Beecher'* is convinced that ether is better. 

Whereas the majority of thoracic surgeons have employed general 
anesthesia for iutrathoraeie procedures, more recently other.s”- 
have indicated tiieir preference for local and spinal analgesia. Al- 
though we have had no experience with these forms in iutrathoraeie 
surgery, we are in complete accord with Beecher”-” and Blade.s''" 
that their dangers and disadvantages do not justify their routine em- 


ployment. 

There are several types of incisions whicli may lx- employed and 

their choice depends to a great extent upon the presma-e or ah.sence 

.F -Klhesions In eases in which tliere are no adiu-sions. the antenor ap- 
Ot aantsioiis. . ,v-i.u. i^i r jvovI.rOt 
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a better exposure a\u 11 be obtained by means of a posterolateral ap- 
proach, because in this way the adhesions can be divided under direct 
vision by sharp dissection, which is much less traumatizing and will 
result in less oozing. Moreover, as suggested by Edwards, a posterior 
incision is more expedient in cases with involvement of the lower lobe 
and an anterior incision is of greater value in cases Avith involvement 
of the upper lobe. The anterior approach, as popularized by Kienhoff, 
consists of a transA'erse incision over the third intercostal space ex- 
tending fx'om the lateral border of the sternum to the anterior axillar 3 ^ 
line. The pectoral muscles are divided and the pleural cavity entered 
through the third intercostal space. Cfreater exposure is gained by 
separating the third and fourth ribs after disarticulating their costo- 
chondral junctions. We previouslj' modified this incision by resecting 
the third rib instead of making an incision in the intercostal space, 
bixt have abandoned this because of the diiScultj' in closing the thoracic 
wall. Because of the occasional difficult}* in getting adequate exposure 
through the simple incision in the third intercostal space, we consider 
it desirable to divide the third and fourth costal cartilages in the para- 
sternal portion ; if the lesion is high in tlie upper lobe Amth extensive 
adhesions between the visceral and parietal pleurae, division of the 
second costal cartilage gives adequate exposure (Figs. 1 and 2). It is 
imperative that the internal mammary vessels should be ligated above 
and beloAv because considerable hemorrhage can occur from these 
vessels if they are injured (Fig. 2). Through this incision AA'ith division 
of the costal cartilages, adequate exposure to the hilum of the lung 
can be obtained and closure of the thoracic cage is greatly facilitated. 
-A.nother anterior approach Avhich has been quite popular is that sug- 
gested by Overholt’-- and Edwards.^’ According to the former a 
curved incision is made extending from about the fifth sternochondral 
junction beloAv to the anterior axillary line near the claA'icle and the 
breast mobilized upAvard and medially as a Hap. The pectoral muscles 
are divided in the second interspace through Avhieh the pleura is 
entered and the cartilages of the first to the fifth ribs diA'ided para- 
sternally. The approach employed by Edwards consists of a right- 
angled incision, beginning parasternally in the region of the second 
intercostal space, extending eaudally to the fifth intei'costal space and 
then laterally in the fifth intercostal space to the axilla. The thii’d. 
fourth, and fifth costal cartilages are divided and the intercostal struc- 
tures in the fifth intercostal space are incised. There are two posterior 
approaches which can be used. The posterolateral begins in the fifth 
intercostal space in its paravertebral jxortion and extends anteriorly 
to the anterior axillary line. This incision is made through the fifth 
intercostal structures into the pleui'al cavity (Fig. 3). The para- 
vertebral portions of the fifth and sixth ribs are divided, permitting 
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showinij tJosItion of patient in anterior approiicli for pneumonectomy, 
ine patient lies in tlio dor.sal position with the arm of tlie affectetl sUIe abiUictoiI. 
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wider separation. This incision is particular!}" indicated in cases with 
lower lobe involvement and with extensive adhesions in this area. A 
popular incision is that suggested by Crafoord.^“ It has the distinct 
advantage that a wide exposiu’e of the hemithorax is given, but it has 
the disadvantage that it is an extensive incision and produces considez'- 
able trauma. It begins posteriorly in the paravertebral portion of the 
fourth rib, about 7 to 8 cm. from the posterior midline, extends down- 
ward beneath the angle of the scapula, and then up toward the mid- 
axillary lizie to the level of the fifth rib which is followed anteriorly to 
the costal cartilage. After mobilization of the scapula, the fifth rib is 
resected throughout the entire length of the incision and the pleural 
cavity entered through its bed. 



Pie. 3. — Drawing illustrating position of patient in posterolateral approach for 
pneumonectomy. The incision is made over the fifth intercostal space extending from 
the paravertebral line to the anterior axillary line. 

Following the opening of the pleui-al cavity and the division of the 
adhesions by sharp dissection, the hilar structures are exposed in the 
mediastinum. The hilum is exposed in the mediastinum by incising the 
mediastinal pleura anteriorly and superiorly in the anterior approach 
and posteriorly and superiorl}" in the posterior approach. In the 
aiiterioi’ apizroach care is taken not to injure the phrenic nerve or the 
accompanying iierieardophrcnic vessels. The incision is generally 
made posterior to these structures. Crushing of the phrenic nerve by 
means of an artery forceps is dcsiralile as it facilitates the operative 
procedure by producing a hemidiaphragmalic paralysis and is also of 
value in the early postopei-ative period by helping obliterate the hemi- 
tliorax. A fiap of mediastinal pleura which is mobilized by the respec- 
tive inei.sion.s is reflected, expo.sing the hilar .structures. The mobiliza- 
tion is greatly facilitated by the use of long, Imll-tijipcd, .sliglitly curved 
.scissors (Fig. 4). 

l''i)llowing moliilization of the mediastinal pleural flaps over the 
hilum of the lung, the hilar .struetures are i.soiatcd individually. In 
previous publications great eiui)liasis wa.s placed on this procedure. 
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Mass ligation of the hilnm was condemned as an unsurgical pi’ocedure 
and one which will be followed by bad results in the majority of cases 
because it does not iiermit removal of the mediastinal lymph nodes. 
Moreover, in some cases it does not permit the complete removal of 
the tumor. In the anterior approach the first structure to be isolated 
is the pulmonary artery, which is separated from the bronchus and the 
superior pulmonary vein. However, on the right side, both in the 



Fig. 6. — Drawing showing exposure and isolation ot pulmonary artery. The Semb dis- 
sector greatly facilitates carrying ligatures around the hilar vessels. 



iMg. 7. — Diagrammatic illustration of tcclmique employed in individual isolation and 
ligation of hilar .‘itructuros, Tlie pulmonary artery and pulmonary veins are divided 
bctwiion double ligation and tran.sll.xion suture.s. 


iiutorior and in the posterior approach, as a preliminary procedure, the 
isolation, ligation, and divi.sion of the azygos vein which extends over 
the right main stem hronehus and in the angle between it and the 
eparterial bronchns are eonsidered highly desirahle fFig. 5). Pailure 
to do this may lead to its injury with di.stressiiig :ind even fatal hemor- 
rhage. Lsuhition of the hilar strueture.s is iierformed principally by 
blunt di.sseetion n.sing small gauze pledgets and the curved Semb 
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on the vessels has been done, no disturbances have been observed 
except in one instance. IVe agree with Edwards'*® that tz’aetion, par- 
ticularly oh the pulmonary artery, may mechanically compress the 
main branch and produce these disturbances in cardiac and respiratory 
action. 



Fig. 10. — FluUograph of mcduin section of trachea ami hronciil of patient dying 12 
days after left pnounjonectomy of pneumonia and pericarditis* The bronchial stump, 
which was closctl at operation according to the technique described in the text, shows 
very satisfactory healing. 


.•\ftcr divi.sioii of the pulmonary nrUn-\\ us .suggested by Rienhoff,'®^ 
it is de.sirable to isolate the hrouchus and pas.s a ligature aroutid it. 
This is tightened in order to prevent spillage of the contents within 
the involved hiiig into the trachea and the oppo.site bronchial tree. 
'I’he superior pulmonary vein i.s then i.solated, doubly transfixed', 
ligated, and divideii. The lironehiis i.s tlien further freed from its sur- 
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silk sutiu’es of a second row are introduced just distal to the first row 
and tied over the end of the bronchus (Fig. 9). Whereas numerous 
methods'®® for closure of the bronchial stump have been suggested, 
many of Avhich are ingenious and complicated, in our experience this 
has been the most satisfactory (Figs. 10 and 11). The short inferior 
pulmonary vein is then isolated, doubly transfixed, and ligated. Occa- 
sionally, because of the short length of the inferior pulmonary vein, a 
distal ligation is not practical. In such an instance a crushing clamp 
is placed in the pulmonarj^ parench 3 mia just distal to the transfixion 



Fig. 12. — Drawing Illustrating exposure of hilar structures through posterolateral 
approach. The mediastinal pleura over the hilum is Incised posteriorly and superiorly 
and the daps mobilized. The azygos vein Is the first structure to bo Isolated, ligated 
and divided. • 


siituro.s aiul ligatures and the vein dividetl lietweeu them. Finallv the 
posterior mediastinal pleura is incised, following which the lung is re- 
moved. In the pewterior approach tlie technique of isolation, division 
and closure of the hilar structures is similar but the order of approach is 
different. Here, as anteriorly, the first structure to he divided on the 
right side is the vena azygos {Fig. 12). Following this the bronchus 
is isolated, clamped, and divided. The proximal portion of the bronchus 
is clo.scd, the distal clamp being allowed to remain in place to act as a 
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cotton. The retention sutures which are buried are then tied and the 
pectoral muscles are approximated by means of quilting cotton. The 
skin edges are brought together with a continuous cotton suture. No 
drainage is instituted, because we believe with Eienhoff that filling of 
the pleural cavity with fibrinous exudate is important in the oblitera- 
tion of the cavity (Figs. 17-19). Thoracoplasty has not been found 
necessary and subsequently there is little or no disfigurement of the 
chest (Fig. 20). We have not observed infection except in one case in 
which the bronchial stump "blew out" in a patient who had received 



Fiff. 15. — Drawing sliowing pleuralization of meiBastinuni following complete ex- 
tirpation of mediastinal lymph node.s. The edges of the mediastinal pleural flaps are 
approximated, thus covering with pieura the stumps of the ligated vessels and bronchus. 


Madia stina.1 |Dl<zixra fla-p d' 



Hk. 16. OrawIriK showing; imdhodii of oowrin;; lh»* .sluniDH of tJ>e 
anu bnmcnuM with :i nuidUiisilnal plfurnl llap obtaineii frojj) an iv/ljacL-nt portion of 
Iho nu ilhiMlnum or lh»* pvrlcanllum. > wi* u*. 


a tirrat deal ot jireoperative irrmiiation and in whom tlierc was no 
attempt at iiealiu^, both hi the mediastinal and iii tlie parietal woumls, 
presumahly due to the extensive irradiation. 

After the patient is returned lo bed, the foot of the bcl is elevated 
ironi 12 to IS niehes to faeilitate the emptying of the tracheobronchial 
tree oi any seermion. Oxygen is admini.stered by mean.s of a ma.sk 
and the patient is given tlui.ls by means of an intravenous drip. A].' 
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Kie. 13.— Drawing illustrating technique of isolation and ligation of hilar structures 
througli posterolateral approacli. .\ftcr ligation and division of tiie azygos vein the 
bronchus is exposed and divided between clamps and the proximal stump ligated -is 
previously described. The pulmonary artery is then isolated and divided between 
ligatures as described in the anterior approacii. iween 

Fig. 11 .— Drawing illustrating technique of exposure and isolation of the inferior 
pulmonary vein through posterolateral approach. This is tlie final structure to he 
divided, the superior pulmonary vein having been sectioned between ligatures previ- 
ously. 


vessels and bronchus (Fig. 15). The sigiiificanee of this important step 
lies in the fact that the danger of infection is minimized and prompt 
healing of the bronchial stump augmented. In tliose eases in which a 
large amount of the mediastinal pleura has been extirpated it is neces- 
,sary to obtain a flap from an adjacent portion of the mediastinum or 
the pericardium in order to cover the ligated stumps, as originally 
suggested by Eienboif (Fig. 16). 

The thoracic wall is closed in layers by first placing No. 3 silk sutures 
qrouiul the adjacent rib or through holes made in the ribs. Following 
this the pleura and intercostal muscles are approximated by quilting 
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Fiff, ID. — ^Anteroposterior roentgenogram of chest of patient referred to in Fig. 18 
taken approximately six weeks after left pneumonectomy. Tlie obliteration of tlie 
left ptcurai cavity is considerably facilitated by the elevation of the left leaf of the 
diaphragm. 
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significance of this condition. An analj'sis of these cases reveals some 
interesting findings. 

Of 92 cases in which the sex was stated, 23 (25 per cent) were females 
and 69 (75 per cent) were males (Graph I). In our series of 19 cases, 4 
were in females and 15 were in males. This is somewhat similar to the 
respective incidences of the previously collected eases”® and approxi- 
mately the general sex incidence in carcinoma of the lung. In a col- 
lected series of 8,575 eases of primary carcinoma of the lung there were 
6,769 (79.9 per cent) males and 1,806 (21 per cent) females.^^®' The 
age of patients was stated in 129 cases. The highest age incidences, 34.8 
per cent and 35.6 per cent, were in the fifth and six decades, respectively 
(Graph II). Of particular intei’est is the fact that 18.5 per cent, or al- 
most one-fifth, of the cases were below 40 years of age. There were two 
patients, both with sarcoma, in the first decade, one being 31,4 jmars of 
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Graph in. — Graphic representation of types of neoplasm in 13-1 collected cases of 
pneumonectomy including* our cases. 


age and the other 5i/4 j-ears. The oldest patient was 69 years of age. 
file age incidence in the pnenmoneetomy cases dift'ers somewliat from 
die general incidence. For example, in a series of 4,307 collected cases 
die re.spective incidences in the fifth, sixth, and seventh decades were 
-a.4 per cent, 34.1 per cent, and 20 per cent ; whereas, in the pneumonec- 
tomy eases tliey were 34.8 per cent, 35.6 per cent, and 10.8 per cent. 
Ihus, in tlie latter tliere was a liighcr incidence in tlie youngest of tliese 
decades and a lower in tlie oldest. The cxiilanation for this jirobably 
lie.s in the fact that tlie younger cases are better surgical risks. 

The tyjie of neoplasm was stated in 134 eases and of this number 126 
(94 per cent) were primary eareinoma, 4 (2.9 per cent) were sarcoma, 
- (1.5 per cent) were metastatic melanoma, 1 (0.7 per cent) was a 
metastatic eareinoma, and 1 (0.7 per cent) was a metastatic sarcoma 
(Graph III). 
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most inviu-iiibly jiftcr piieumoneetomy the patient receives 500 to 1,000 
c.c. of wlioie blood, depending npoji the amount of blood lost during 
the operation. Tlie patient is given adrenal cortical e.xtract every two 
iiouis and vitamins G and B arc continued during the postoperative 
period. Only a sufticient amount of morphine to control pain is ad- 
ministered as the depressing effect on the cough retle.x is undesirable. 


tncicicoc<£ uoU Nlortulity tn Pneumonctetomy 
AccorUirig To 



Incidence Mortohty 

Oruiili I. — Gni|)lilc i-eprcseiUutlon of relative Incidence and mortalitv according to sex 
In O'i collected casc.s of pneuinonectoiny including our cases. 
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Tl— Grauhic representation of age incidence according to decades in 123 col- 
urapii f cases of pneumonectomy including our cases. 


ANALYSES OF CASES 

In a previous publication we““ collected and analyzed 79 reported 
cases of total pneumonectomy for neoplastic disease. In addition to this 
number we reported 7 of our own, making a total of 86 cases. Since 
Hmn there have been reported 60 additional cases and we have had 
12 more eases, making a total of 139 collected cases (166) and 19 of our 
or a ‘-rand total of 158 eases. This approximately twofold in- 
1 nf rcMi-ted cases of pneumonectomy for malignant disease m a 
irln .wo years is a gratityiag indiea.i.n c£ .he sargical 
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significance of this condition. An analysis of these cases reveals some 
interesting findings. 

Of 92 cases in which the sex was stated, 23 (25 per cent) were females 
and 69 (75 per cent) were males (Graph I). In our series of 19 cases, 4 
were in females and 15 were in males. This is somewhat similar to the 
respective incidences of the previously collected cases”® and approxi- 
mately the general sex incidence in carcinoma of the lung. In a col- 
lected series of 8,575 cases of primary carcinoma of the lung there were 
6,769 (79.9 per cent) males and 1,806 (21 per cent) females.^^®' The 
age of patients was stated in 129 eases. The highest age incidences, 34.8 
per cent and 35.6 per cent, were in the fifth and six decades, respectively 
(Graph II). Of particular interest is the fact that 18.5 per cent, or al- 
most one-fifth, of the eases were below 40 years of age. There were two 
patients, both with sarcoma, in the first decade, one being years of 
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Graph III. — Graphic representation of tji^es of neoplasm in 134 collected cases of 
pneumonectomy including* our cases. 


age and the other dYo years. Tlie oldest patient was 69 years of age. 
The age incidence in tlie pneumonectomy cases differs somewhat from 
the general incidence. For example, in a series of 4,307 collected eases 
the respective incidences in the fifth, sixth, and seventh decades were 
25.4 per cent, 34.1 per cent, and 20 per cent ; whereas, in the pnemnonec- 
tomy cases thej'^ were 34.8 per cent, 35.6 per cent, and 10.8 per cent. 
Tims, in the latter there was a liigher incidence in the youngest of these 
decades and a lower in the oldest. The explanation for this prohablv 
lies in the fact that the younger eases are better surgical risks. 

The type of neoplasm was stated in 134 eases and of this number 126 
(94 per cent) were primary carcinoma, 4 (2.9 per cent) were sarcoma, 
2 (1.5 per cent) were metastatic melanoma, 1 (0.7 per cent) was a 
metastatic carcinoma, and 1 (0.7 per cent) was a metastatic sarcoma 
(Graph III). 
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TJic .situ of involvciiuiiiL was stated iii 127 eases. Of this number 60 
(47.2 fK*f ecnl) were in the right side and 67 (52.7 per cent) were in the 
loft (Oraj)li IV). Tlii.s i.s .somewhat similar to tJic previously collected 
group, hut it is in direct contrast to the general incklenee in which it has 
l)een fotind that llie greale.st frerpicney of involvement is hi the right 


fncicicncti and Mortality vn^^ncumancctorny 

acccrdincj to Op-crativ^ StJj 



OnipU IV.— -Graphic rcproscnUilion of rclulivc inclilcnco and mortality according to 
operative in l*J7 ooUecled cases of jmeuiiionectomy including our cases. 



Incidicnccz of Involvement in 
Pneumonectomy C<a.s25 AccorcLincj 
to Lobas 

rporesentation of incidence of invoivement in pneumonectomy 
Fiff. 21.— according to lobes. 


, „ Thus in a collected series”' of 4.732 cases, 2,761 (58.3 per cent) 

rl the ri^ht lung and 1,971 («-6 per cent) involved the left, 
involved o operable is of speculative 

^Yiletller le according to lobes was stated in 79 eases, 

interest. The found to be in the right lower 

The greatest incidence, 25.& per 
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lobe and the next in order of frequencj^, the left upper, the left lower, the 
right upper, and the right middle (Fig. 21). This also differs from the 
general incidence of involvement. In an analj'sis of 7S4 eases Fischer®* 
found that the right upper lobe ivas most frequently involved and the 
next in order of frequene 3 ^ were the left upper, right lowex-, left lower, 
and middle lobes. 

Of the total number of 151 cases in which the results of tlie operation 
were stated, 83 (55 per cent) recovered and 68 (45 per cent) died 
(Graph V). In the previously collected series the mortalitj' was 63.9 
per cent. Thus, the general mortalitj" in a period of less than two jmars 
has been reduced almost one-fifth. This gratifying fact clearly reflects 
the rapid advances in thoracic surgery and favorably indicates that 
with greater experience in this difficult surgical endeavor the mor- 
tabty undoubted^ will be further decreased. 


Mortality in PncumonGctomy Cases 



Graph V. — Graphic representation of total mortalitj* in previous and piesent series of 
collected cases includingr our cases. 

There are a number of factors which seem to have a significant in- 
fluence on the mortality in addition to the general condition of the 
patient and certain technical considerations. The mortality according 
to sex reveals a lower death rate in females. Of 23 females, 9 (41.6 
per cent) died; and of 69 males, 38 (55 per cent) died (Graph I). The 
exact significance of this fact i.s difficult to explain. Attention was 
directed in a previous publication to the fact that the mortality 
is gi'eater in right-sided lesions. This is further confirmed in the 
present sei'ies. Of 60 right-sided lesions, 27 (45 per cent) died; ivhere- 
as, of 67 left-sided lesions, 29 (35.8 per cent) died (Graph IV). 
Technically the operation is more difficult on the right than on the 
left side, principally due to the fact that on the right side the vena 
azygos crosses over the eparterial bronchus, usually making mobiliza- 
tion and isolation of the right main stem bronchus difficult. Experi- 
mentallj' it has also been demomstrated that right pneumonectomy is a 
more serious procedure than left pneumoneetom}',^® and this has been 
explained on the basis of greater size and aerating surface of the right 
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These latter two cases of deaths appeared in our cases and have been 
referred to in a previous publication^*® 

Whereas in any surgical pi'oeedure the operative mortality is im- 
portant, in the surgical treatment of malignancy the consideration of 
follow-up results is of even greater significance. Obviously primary 
carcinoma of the lung is of too recent development to permit adequate 



evaluation on the basis of lai-ge statistical analyses. It should be real- 
ized that the first successful pneumonectomy was done only seven years 
ago. However, it may be interesting to observe the results of available 
statistics. Of a .series of 83 collected cases, including 10 of ours, which 
recovered following operation, follow-up data are available in 67, Of 
this number, 47 (70.1 per cent) were still living at the time of the re- 
port and 20 (29.8 per cent) were dead. In our series of 10 recoveries 


iOl(5 


:!:: j :r;: :7‘; »hii 




□ -^u/nice o/’cajco 



Lit I 

CriDh vtrr ' <£r'5^,SSn Uritnown 

as.;-- .. ... ... „„. 

‘"^"““monccfomy Cases 



/ o/cdjff 


Ussthtin 

Lyp 


Graph IX.— Graphic representation of incidence of siirvi.r,i 

in 47 collected and our cases with fSlovr-up'*® following operation 

(5 per cent), drowning in 1 (5 per cent), and unknown in o nn , 
oc,.t). (Gopl. VIII.) I,, thi. group the ou.^^ p“ .f."' 

following operation was 3 months, the longest 3i{, years and th 
average 1 year. Thirteen eases had survival periods of less than 1 
year and 3 eases more than 2 years. 

Of the 47 collected cases, including ours, that are still living 18 
(38.3 per cent) have survival periods of less than 1 year and 29 (61 6 
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per cent) of more than 1 year. Of the latter number, 18 (38.3 per 
cent) are living 2 years after operation, 7 (14.8 per cent) 4 yeai-s after 
operation, and 3 (6.2 per cent) 5 years after operation (Graph IX). 
The shortest period is 3 months, the longest 6+ years, and the average 
18.8 months. In our series of 7 cases which are still living the survival 
periods are 41/0 years, 2 years, 1% yeai’s, 14 months, 10 months, 8 
months, and 7 months. 


SUJBLIRY 

1. The increasing interest in carcinoma of the lung is probabl 3 ^ due to 
several factors, among the most important of which are the apparently 
increasing incidence, the relative frequenc}’’, the rapid advances in 
thoracic surgerjq and the demonstrated feasibility of surgical therapy. 

2. It is generallj’' agreed that the onty curative treatment of primarj^ 
carcinoma of the lung is surgical extirpation. Irradiation therapy is of 
little, if anj'-, value and there is some evidence tliat it may be actually 
detiimental. 

3. Total removal of the involved lung and the mediastinal lymph nodes 
is the most rational surgical procedure. This can be adequately per- 
formed only by individiial ligation of the hilar structures. 

4. The factors influencing operability in primary carcinoma of the 
lung are briefly reviewed. Emphasis is placed on the fact that border- 
line eases should always be given the benefit of exploration, even at the 
risk of finding a large number inoperable, because it is the onl 3 ’^ means b}’" 
which operabilitj’’ can be determined absohately in these instances. In 
the collected series 49 per cent were opei’able and in our series 63.3 per 
cent were operable. 

5. The prepai'atory measures and type of anesthesia in pneumonec- 
tomy are discussed. The various approaches used in pneumonectomy 
are desei’ibed, illustrated, and evaluated. The technique of exposure, 
isolation, and individixal ligation of the hilar structures is described 
and illustrated. 

6. An analysis of 139 collected and 19 personal eases of total pneu- 
monectomy for neoplastic disease of the lung is presented. The sex 
incidence showed a predominance of males (75 per cent). The age 
incidence was highest in the fifth and sixth decades. Primary car- 
cinoma comprised 94 per cent of the cases, primary sarcoma 2.9 per 
cent, iiretastatie melanoma 1.5 per cent, metastatic carcinoma 0.7 per 
cent, metastatic sarcoma 0.7 per cent. Right-sided lesions occurred 
in 47.2 per cent and left-sided in 52.7 per cent. The general mortality 
was 45 per cent. The various factors influencing the operative mov- 
tality are discussed and critically analyzed. The most frequent causes 
of death are principally due to cardiac and pleuropulmonary com- 
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tiiere have l)eeji 3 .siiliseciiieut deatlis, 2 of which were definitely due to 
reeurrenee and the tiiird was prolmbly due to a similar cause. These 
l)atient.s .survived 10 montlis, » mouths, and 3 months, re.speetively. 
Of the 20 eoiiectcd eases, includin'' our.s, in the follow-up series which 
died, the tuuse ol dc<ith was recurrence in 14 (70 per cent), coronary 
thrombosis in 2 (10 per cent), primary carcinoma of the colon in 1 
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Erratum 

In the article by Prof. Dr. Eugene Polya, Budapest, Hungary, entitled "Simple 
Apparatus for the Relief of Some Palsies of the Upper Extremities ’ ' which appeared 
in the September issue of the Journal, the plate upon which appear Figs. 1, 2, and 
3 has been printed upside do^vn, thus reversing the figures. The legends are correct 
if the reader will consider the plate inverted. 
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association of the names of individuals with titles of diseases, I believe 
the expression, Ludwig’s angina is going to exist for many more years 
to come.. 

When one reviews the various mortality percentages associated with 
the treatment of this disease, there can be but one conclusion reached; 
namely, there must be at the present time a very wide difference of 
opinion as to what actually constitutes a ease of von Ludwg’s angina, 
for there is not sufficient difference to be found in the various methods 
of treatment advocated to explain the wide difference of mortality 
statistics, the lowest of these mortality statistics reported being 5 per 
cent, and the highest 74 per cent. For this reason, it might be interest- 
ing to quote the requirements that Ludwig himself thought necessary in 
order to establish the diagnosis of Ludwig’s angina. These were: 

“1. There should be inflammation of the deep cellular tissues under 
the tongue. 

“2. This inflammation should begin around the submaxillary salivary 
gland. 

“3. This inflammation should subsequently invade the neck and the 
floor of the mouth. 

“4. That this condition should run a course which grows progressively 
worse with death in ten to twelve days or gradual recovery. ’ ’ 

This description of the condition is sufficiently indefinite to explain 
the present-day mental confusion regarding what actually constitutes 
the diagnosis of von Ludwig’s angina. It also makes us wonder as to 
how much the great popularity of Queen Catherine had to do with the 
continuation of the use of this name. 

A I’eeent compilation of statistics from various reports in literature 
in which the cause was mentioned reveals that extraction of the lower 
molar teeth preceded the beginning of infections in the deep structui'es 
of the tongue in 82 per cent of cases. Calculus in the duct of the sub- 
maxillary salivary gland, fracture of lower mandible through abscess 
cavities, injury from foreign bodies in mouth, etc., have also been found 
as etiologic factors. 

The explanation of the frequency with which these deep infections 
follow extractions of the lower molars is to be found in the fact that 
the lower molars are set off center and toward the tongue in the mandible 
bone. The remaining teeth arc also set off center but toward the outer 
(labial) side. This anatomical difference explains why infection of the 
deep structures under the tongue takes place more readily through the 
thin bony partition on the inner side than through the thick outer side 
of the mandible followin.g extraction of the lower molars. The reverse is 
true as regards the relationship of the remainder of the teeth. For this 
reason, infcetions followiiyg extraetion.s of the anterior teeth are more 
apt to originate through the thin outer partition than they are to 
perforate through the thicker inner partition. 
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Von Ludwig’s Angina 


A LITI'LE ovei- a century ago (1836) an unusually popular queen 
died. Her death Avas due to wliat was then described as a "sub- 
lingual phlegmon." This was Queen Catherine of Wiirttemberg. It is 
natural to presume the cause of her death was then fully discussed by 
both the laity and by tlie medical pi-ofcssion. Shortly after Queen 
Catherine’s death, Professor Wilhelm Friedrich von Ludwig (1790- 
1865), Vice Director and Liebartz of Stuttgart, made an address before 
a medical group assembled in that city. It is not surprising tiiat he 
selected as the subject of his address the cause of the recent death of 
their beloved queen. Ludwig must have made a most impressive and 
illumiiiating explanation of the disease, as a jmar later Camerer gav'e 
the title of "von Ludwig’s angina” to the condition, and, as such, it has 
now been known for over one hundred years. 

In 1892 there was a debate between Delorme and Nelaton relative to 
the propriety of retaining Ludwig’s name in association with this dis- 


ease. 

Again in 1929, Ashhurst, in an address as the invited guest of the 
Western Surgical Association on the subject of “Ludwig’s Angina,” 
stated that the medical profession in its attitude toward the retention 
of any doctor’s name in association Avith a disease was largely diAuded 
into two groups; The first, those who followed the teachings of 
Hippocrates in objecting to the unnecessary multiplication of names of 
diseases and preferred to assign the so-called "new diseases” to their 
nroper places under already recognized pathologic processes; the second 
Iroup the Cridians (of whom I had never heard until I read Ashhurst ’s 
addreL). With them, every new symptom and every new complication 

constitutes a ncAV disease. , , . , , 

Tt is interesting to recall that Ludwig’s angle, that angle situated be- 
, the manubrium and the gladiolus, derived its name from Daniel 
TT • M 6^)5 1680) a German anatomist. Furthermore, Ludwig’s 
a ^ano-lion’ connected with the cardiac plexus and situated 
ganglion, « obtained its name from still a differ- 

neartliez o ‘ i marl Priedrick Wilhelm Ludivig, of Leipzig, a 
ent LudAVig; ^ t” 11816-1899). How'ever, Karl Priedrick Wilhelm 
German physiologis i j^any recording instruments 

LttdAA’ig s name i • t n nliA^siolo^rp 

which he introduce angina” is with us today, and no matter 

The expression von » ^ concerning the propriety of the 

our • „„ 
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The Pineal Organ: The Comparative Anatomy of Median and Lateral Eyes, With 
Special Eeference to the Origin of the Pineal Body; and a Description of the 
Human Pineal Organ Considered Prom the Clinical and Surgical Standpoints. 
By. B. J. Gladstone and C. P. G. Wakeley. Baltimore, lOdO. Williams & Wilkins 
Co. Pp. 528, with 32J; figures. $10. 

This volume, written bj' a well-known London anatomist and embryologist and 
by a neurosurgeon, was prepared because its authors had found that the investiga- 
tion of pineal tumors had proved rather fruitless, and they therefore "determined 
to investigate the whole question of the nature of the pineal organ from the low- 
est to the highest forms in the animal kingdom." Onee embarked upon this 
stimulating project, they soon discovered that, in order to assess the true sig- 
nificance of facts which have been observed in connection with the mammalian 
epiphysis, it would be neeessarj’- to investigate the history of the pineal body and 
parietal sense organ from the standpoints of embryology, comparative anatomy, 
and paleontology. As Sir Arthur Keith points out in his introductory chapter, 
Gladstone, in tracing the origin and ' evolution of the human pineal, has gone 
back over a period of some four hundred million years, when median as well as 
lateral eyes had appeared on the head of our invertebrate ancestors. By com- 
paring evidence from fossil remains and also from living creatures through the 
animal kingdom, a convincing story has been written of the way this structure 
attained the position of a visual organ with a lens, retina, and nervous stalk, and 
then, with the development of efBcient lateral eyes, has retrogressed to its present 
unimportant position. The authors attempt to push back the origin of the pineal 
organ to the median eyes seen in many invertebrates. This possibility was first 
suggested by Gaskell, who did pioneer work on the pineal as well as on the 
autonomic nervous system. A double pineal stalk is present in certain forms of 
eels which is connected by nonmyelinated fibers with the habenular ganglia, and 
thence by the retroflex bundle of Jlcynert and stria mednllaris with the olfactory 
apparatus. All these structures make up the epithalamus and may have formerly 
been concerned with feeding reflexe.s. Fusion of the paired earlier structures 
occurs in higher species of vertebrates, with retrogression of one side and its 
underlying nervous connections. In the cyelostomes (a primitive order of round- 
mouthed fishes, such as the lamprey eels and hag fish) the pineal eye may still 
act as a visual organ, although devoid of a lens. In the lizard the pineal organ 
lies just beneath the .skin with central nervous connections which run through a 
foramen in the skull, but it is doubtful if this apparatus is sensitive to light. 
The same arrangement persists in tadpoles, but in adult frogs the nervous stalk 
is cut off by the cranial vault and only a spot of pigment is left beneath the 
skin. Only ve.stigos of the parietal sense organ and its stalk remain in the more 
primitive mammalian embryos and in the adult forms nothing but the basal seg- 
ment of the pineal organ, the conarinm, persists. The chapter on tlie pineal system 
of maininabs omits interesting data On comparative anatomy, more especially the 
important contributions of Krabbe (1921, 1925, and 1929) and the studies of the 
pineal apparatus of marine mammals by Fuse (1936). 

In the final third of the liook physiologic evidence is reviewed, which shows 
that tlie mammalian pineal 1ms not actually undergone metamorphosis into a 
gland of eternal secretion, but that the apparent endocrine changes produced by 
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Til ildclition to these diffei-euces in skeletal structure the firm attaeh- 
meut of the deep cervical fascia and the mylohyoid muscle to the lower 
inner edge of the inferior mandible confines infections, rupturing 
llu’ough tile inner side of the bone to the deep structures. When the 
infection through tlie bone ruptures to the outer side of the mandible, 
tills fascia and muscle tend to confine the inflammation to tlie superficial 
structures. 

For these reasons, infections following extractions of the anterior 
tcetli are not apt to be as serious as those following the removal of the 
lower "molars. If infection following extractions of the anterior group 
of teeth does not subside (piickly, superficial fluctuation soon develops 
without general symptoms and the pus is easily released. Such a pic- 
ture is tlie reverse of ivliat is seen in infections of the deep structures 
under the tongue. 

The use of sulfanilamide and its various derivatives can be employed 
to great advantage before the extraction of lower molars, especially if 
there is any infection present. 

Cultures of the infected gums and, if possible, of the abscess associated 
with the teeth should be a basis of selection of which one of the sulfanil- 
amide compounds should be employed. 

After extraction of unerupted teeth, zinc peroxide, as prepared by 
Sleleney’s method, has proved of benefit in preventing postextraetiou 
infections. In such cases there is frequently found an ulcer on the 
undersurface of the gum which has to be incised in order to expose the 
tooth. An anerobic hemolytic streptococcus is usually present in such 


ulcers. 

The closest possible cooperation betw^een dentist and surgeon is im- 
perative. If a hard painful swelling develops under the tongue after 
the extraction of a lower molax', incision and drainage should be in- 
stituted at an early period. One should not wait for the fluctuation 
which does not usually occur and, of course, should not postpone surgical 
relief imtil the patient is partially strangled. 

If the tension of tissues is sufficiently great to produce elevation of the 
hyoid bone, the fibers of the mylohyoid muscle should be cut transversely 
so as to "iw almost immediate relief from the “pull” on the trachea. 
Necrotic material, and, if indicated, the submaxillary salivary gland 
should be removed. In fact, everything should be done in order to 
1 ase the tongue quickly from obstructing the air passages to the lung. 
"'^The most satisfactory incision in extreme cases is the one about one- 
1 If -^loh from the lower edge of the mandible, extending from one angle 
of im iaw to the other angle. Of course, in order to obtain relief it is 
*cesLry to incise widely the deep cervical fascia as well as to divide 

the mylohyoid (jone with local anesthesia is sometimes 

A prehmmary opening in the trachea can be used for a 
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The Pineal Organ: The Comparative Anatomy of Median and Lateral Eyes, With 
Special Reference to the Origin of the Pineal Body; and a Description of the 
Human Pineal Organ Considered Prom the Clinical and Surgical Standpoints. 
By. B. J. Gladstone and C. P. G. Wakeley. Baltimore, 1940. Williams & Wilkins 
Co. Pp. 528, Tvith 324 figures. $10. 

This volume, written hy a well-known London anatomist and embrjmlogist and 
by a neurosurgeon, was prepared because its authors had found that the investiga- 
tion of pineal tumors had proved rather fruitless, and they therefore “determined 
to investigate the whole question of the nature of the pineal organ from the low- 
est to the highest forms in the animal kingdom.’’ Once embarked upon this 
stimulating project, thej' soon discovered that, in order to assess the true sig- 
nificance of facts which have been observed in connection with the mammalian 
epiphysis, it would be necessar 3 '^ to investigate the historj' of the pineal body and 
parietal sense organ from the standpoints of embryology, comparative anatomy, 
and paleontologJ^ As Sir Arthur Keith points out in his introductory chapter, 
Gladstone, in tracing the origin and ' evolntion of the human pineal, has gone 
back over a period of some four hundred million years, when median as well as 
lateral eyes had appeared on the head of our invertebrate ancestors. Bj’’ com- 
paring evidence from fossil remains and also from living creatures through the 
animal kingdom, a convincing story has been written of the way this structure 
attained the position of a visual organ with a lens, retina, and nervous stalk, and 
then, with the development of efficient lateral eyes, has retrogressed to its present 
unimportant position. The authors attempt to push back the origin of the pineal 
organ to the median eyes seen in many invertebrates. This possibility was first 
suggested by Gaskell, who did pioneer work on the pineal as well as on the 
autonomic nervous system. A double pineal stalk is present in certain forms of 
eels which is connected by nonmyelinated fibers with the habenular ganglia, and 
thence bj' the retroflex bundle of Meynert and stria medullaris with the olfactory 
apparatus. All these structures make up the epithalamus and may have formerlj' 
been concerned with feeding reflexes. Fusion of the paired earlier structures 
occurs in higher species of vertebrates, with retrogression of one side and its 
underlydng nervous connections. In the cyclostoraes (a primitive order of round- 
mouthed fishes, such as the lamprey eels and hag fish) the pineal eye may still 
act as a visual organ, although devoid of a lens. In the lizard the pineal organ 
lies just beneath the skin with central nervous connections which run through a 
foramen in the skull, but it is doubtful if this apparatus is sensitive to light. 
The same arrangement persists in tadpoles, but in adult frogs the nervous stalk 
is cut off bj' the cranial vault and only a spot of pigment is left beneath the 
skin. Onlj' vestiges of the parietal sense organ and its stalk remain in the more 
primitive mammalian embrj-os and in the adult forms nothing but the basal seg- 
ment of the pineal organ, the conarium, persists. The chapter on the pineal system 
of mammals omits interesting data on comparative anatomy, more especiallj- the 
important contributions of Krabbe (1921, 1925, and 1929) and the studies of the 
pineal apparatus of marine mammals by Fuse (1936). 

In the final third of the book physiologic evidence is reviewed, which shows 
tiiat the mammalian pineal has not actually undergone metamorphosis into' a 
gland of eternal secretion, but that the apparent endocrine changes produced by 
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curtuiii pinoiil linuors^ hucU uh puburtiis precox, in rciility arc due to compression 
oC tlu) hypotlmlamus. Tho surgical chapters include the patliolofjy of pineal 
tumors, their symptomatolo^jy, clinical case histories, and operative technique. 
Tho cliaptor on symptomatolofiy, c.speeially the explanation of tho characteristic 
limitation of eye movement.s, is particularly well done; but tlie chapter on case 
liistories is brief and references to many eases of outstanding interest which 
Iiavo been reported in tho literature are not included. As a result it is not pos- 
sible to obtain an accurate improssioa of the life history of these tumors, or to 
define tho operative ri.sk involved in attempts at their extirpation, or to be cert.ain 
about tho amount of improvement that can be expected from radiation. 

In evaluating the book, tho comparative anatomical chapters, which make up 
its major portion, and its illustrations deserve tho highest praise. Trom the 
more .specialized viewpoint of the neurosurgeon, rather than from that of the 
comparative anatomist, this portion is too long and detailed, so that one cannot 
help feeling that condensation of the first 3S0 pages would clarify the evolu- 
tionary historr’. Tho glo.ssary could well bo enlarged, so that the surgeon who has 
not had an extensive zoological training could identify spccias such as Petromyzon, 
T.acerta, etc. In the bibliography, since the method has been adopted of listing 
tho articles by title, one wishes that this had been carried throughout consistently. 


The Pathology of Internal Diseases. By William Boyd. Ed. 3. Cloth. Pp. 871, 
with 357 illustrations. Philadelphia, 1940, Lea and Pebiger. $10. 

This authoritative work, which first appeared in 1931, has been thoroughly 
revised and recent advances in internal medicine have been added. In the 
preface to tho first edition the author stated that it was his purpose to correlate 
tho symptomatology of disease with the pathologic lesions. He succeeded ad- 
mirably in integrating pathology with internal medicine. The present edition 
includes new material on diseases of the heart, vitamin K, bronchogenic car- 
cinoma tho relation of the pituitary to pancreatic diabetes, the anemias, renal 
diseases and silicosis. While many sections have been rewritten and new ma- 
terial added, the number of pages remains approximately the same. Several new 
illustrations have been, introduced, including four colored plates, all of which are 
appropriate to the text and are well reproduced. 

Many factors have contributed to the success of this textbook. The author 
• master of English prose. He constantly refers to and quotes passages from 
medical literature pertaining to the subject under discussion. As an example, 
t Brisht's own account of the clinical course of nephritis. In develop- 
he presen s ^ concise but lucid description of the normal histology and 

ing eac i sec followed by a consideration of the morbid anatomy and its 

physiology m a* ' well-selected references to the literature conclude each 
relation to symptoms. 

chapter. t re of tkis book is the manner in which the pathogenesis of 

A delightful ea u controversial subject matter is discussed, the 

various diseases is contributions on both sides and then develops his 

author cites the ou f}ie pathogenesis of tuhereulo.sis he terminates 

own opinion. In “Immunity is the master word in tuberculosis, 

the discussion with the s a f^gedom from infection, for the latter^ is an uuat- 
It is more to be desire infection, the more dangerous does it become." 

tainable ideal, and the many. Again in a consideration of the 

This assertion will l,e maintains that it is a mistake to separate 

pathogenesis of hyper y 
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toxic adenoma from exophtlialmic goiter: “Both should be included under the 
heading of G-rave disease. The adenoma is a mere incident in the course of the 
pathological process." The section on jaundice is excellent. Exception must be 
taken to one statement. In discussing the chromaffin cell tumor, also known as 
pheochromocytoma, he writes; “It is quite innocent, perfectly encapsulated, 
usually of small size, and may be found in elderly persons at autopsj’’ by acci- 
dent." It is now recognized that these benign-appearing tumors may secrete 
enough adrenalin to cause death. 

This textbook is highly recommended to the medical student who has com- 
pleted the introductory courses in internal medicine and pathology. It can be 
read with profit by every teacher and practitioner. 


Die Entzundungshestrahlung. By Dr. Med. Habil. E. Glauner. Paper. Pp. 190, 
with Id illustrations and ll tables. Leipzig, 1940, George Thieme. EM 15. 

This monograph attempts to cover in a comprehensive manner the subject 
of inflammation treated by x-ray radiation. The book is divided into two parts. 
The histological, chemical, and physiological effects of x-ray radiation of inflamed 
tissues are considered in detail in the first portion. The second portion deals with 
the effects of roentgen therapy of inflammatory processes in various organs of 
the body. The world’s medical literature on the subject has been painstakingly 
reviewed and admirably summarized. There is little that is original in the book, 
the author’s contribution being chiefly his interpretation of the work of others 
and the recital of his results in the treatment of various inflammatory lesions with 
x-ray radiation. An extensive bibliography and a satisfactory index are appended. 

The surgeon or general practitioner will hardly find it worth his while to pur- 
chase or read this book. It has a definite place, however, as a reference book 
and those in the profession particularly interested in roentgen therapy may find it 
valuable. 


The Head and Neck in Roentgen Diagnosis. By Henry K. Pancoast, M.D., Late 
Professor of Radiology and Director of the Department of Eadiology, Uni- 
versity of Pennsylvania; Eugene P. Pendergrass, M.D., Professor of Eadiology 
and Director of the Department of Eadiology, University of Pennsylvania; and 
J. Parsons Schaeffer, M.D., Ph.D., Professor of Anatomy and Director of the 
Daniel Baugh Institute of Anatomy, Jefferson iledical College. Pp. 976, with 
1,251 figures. Springfield, 111., 1940, Charles C. Thomas, Publisher. $12.50. 

In no region of the body is the anatomy more complex than in the head and 
neck. It is particularly fitting therefore that a dissertation on the roentgenology 
of this region should be based upon the concept of roentgen diagnosis as a visual 
presentation of gross anatomy, both normal and pathologic. This volume stands 
out as a splendid example of the results which may he achieved by a collabora- 
tion of the Toentgenologi.st and the anatomist in the preparation of texts on 
roentgen diagnosis. The authors have covered the roentgen diagnosis of a series 
of diverse but grossly related structures in most admirable fashion. Practically 
all of the well-established data related to the roentgen examination of the skuil 
and it.s contents, the various facial bone.s, the paranasal sinu.ses and mastoids 
with their associated structures, the jaw.s and the teeth, the cervical spine the 
upper respiratory tract and the neck are in this detailed and well-ordered treatise 



1080 


SUKGKKY 


I'or uuth .Htructiiri) thuru is u uoiisiiloriitioii of tho iionniil gross ujiutoinv’ and its 
variations, thu normal roontgon anutoiny, tho tt;cliai(iuu of x-ray oxaniination, and 
linally tlio roontgon diagnosis of disease processes. While the author.? have 
drawn largely from their own rich experience, siillieient attention has l)een paid 
to the contrihution of others. Kach chapter contains a bibliography which, 
while nut voluminou.s, is snlHcient to give the references for almost all tho sub- 
jects which are not fully covered in the book itself. The illu.strations are un- 
u.sunlly numeron.s, some J,2dl figures being exhibited. They are .splendidly chosen, 
well arranged for accessibility and clearly labeled; many exceptionally fine 
anatomical figures are include<l. While the cuts are not as brilliant in detail as 
might be desired, with few exceptions they demonstrate all that is needed. Tho 
section on intracranial tumors and cerebral pneumography is especially a'cll done. 
Some doubt may be held as to the lack of final proof of some of the eases pre- 
sented, but in most instances there is no rpiestion as to the findings. The material 
in this book is much too exten.sivD to permit detailed criticism; the reputation 
of the authors is .sullicient to warrant the authenticity of tho data. Considering 
tho size of the book, tho number of errors in the first printing is small. Attention 
.should be directed to the transposition of Figs. 701 and 703 and to a few typo- 
graphical errors in spelling. The publisher is to be commended for the format, 
the printing, tho generous number of figure.?, and particularly for tho reasonable 
price put upon so large and fine a volume. This is no doubt the most authoritative 
and most complete reference work wo have on this subject; it will be indis- 
pomsablc to the roentgenologist, the neurosurgeon, the neurologist, the otolaryn- 
gologist in fact to any physician concerned with the diagnosis of the diseases of 
the head and neck. It will remain permanently as a fitting memorial to the 
memory of the distinguished senior author. 



INDEX TO VOLUME 8 


AUTHORS INDEX* 


In this index following 
appeared in the Journal, 
hy (E). 


the author’s name the title of the subject is given as it 
Editorials are also included in the list and are indicated 


A 

Abbott, Osler A. (See Carter et al.), 
587 

Abell, Irvin, Cutler, Elliott C., and 
AIason, James M. Testimonial 
dinner to Eudolpli Matas, May 
1, 1940, St. Louis, Mo., 565 
Allen, Arthur W. The surgical man- 
agement of the usual extra- 
hepatic biliary lesions, 188 
As.mussbn, Erling, Christensen, E. 
Hoiiwii, AND Nielsen, Marius. 
The regulation of circulation in 
different postures, 604 

B 

Baleour, Donald C. William James 
Mayo (1861-1939) and Charles 
Horace Mayo (1865-1939), 170 
Barrow, Woolfolk. Review of the Sec- 
tion on Surgery of the Ameri- 
can Medical Association, 535 
Beecher, Henry K. Some current prob- 
lems of anesthesia, 125, 487 
Bell, H. Qlenn, and Henley, R. Brucse. 
Right colectomy in one stage, 
94 

Bellis, CiUiROLL J. An improved ap- 
paratus for tidal drainage of 
the urinary bladder and empy- 
ema cavities, 791 

Bisgard, J. Dewey. Review of the 
American Surgical Association, 
523 

Bl.vdes, Brian. Lobectomy for bronchi- 
ectasis, 719 

Blair, Vili’.ay P., and Byars, Louis T. 

Current treatment of cancer of 
the Up, 340 

BL.VLOCK, Alfred. (Sec Wood et al.), 
247 

Browne, E. Zollicoeeer. Variations in 
origin and course of the hepatic 
arterj- and its brandies, 424 
Brun.sciiwig, Alexander. The Society 
of University Surgeons, 164 
Byars, Louis T. (Sec Blair .and 
Byars), 310 


C 

Caldwell, Guy. Report of the meeting 
of the American Orthopaedic 
Association, Kansas City, Mo., 
May 6-9, 1940, 550 

Carlson, HJALir.\E E. (See Ockerblad 
and Carlson), 665 

Carter, B. N., Stevenson, Jean, and 
Abbott, Osler A. Transpleural 
esophagogastrostomy for car- 
cinoma of the esophagus and 
for carcinoma of the cardiac 
portion of the stomach, 587 

Christensen, E. HohwO. (See Asmus- 
sen et al.), 604 

Churchill, Edward D. Resection of 
the lung, 961 

Clare, Dwight E. (See Dragstedt et 
al.), 353 

Coblentz, Richard G. Cerebellar sub- 
dural hematoma in infant 2 
weeks old with secondary hy- 
drocephalus, 771 

Cole, Erank L., and Foesee, James H. 
Cavernous hemangioma of tlie 
spleen, 639 

Cole, Warren H. The clinical relation- 
ship of pancreatic diseases to 
fatty infiltration of the liver, 
716 (F) 

— , AND Howe, J. S. The pancreatico- 
hepatic syndrome, 19 

Coller, Frederick A., Kay, E.vrle B., 
AND MacIntyre, Robert S. 
Regional lymphatic metastasis 
of carcinoma of the rectum, 294 

CoRRiDEN, Thomas F. Subcapsular rup- 
ture of the liver in a child, 446 

Cozen, Lewis, -ynd Hollombe, Benja- 
min S. Ethyl cliloride spray 
for sprained ankles, 468 

Cravek, Lloyd F. Diagnosis of malig- 
nant lung tumors by aspiration 
biopsy and by sputum examina- 
tion, 947 

Creevy, C. D. Kote on straightening 
the hypospadiac penis, 777 

— The fifty-second annual meeting of 
tho American Association of 
Genitourinary Surgeons, Skytop, 
Pa., June 20-22, 1940, 557 


-juii. luj. i-ius; August, DP. IG9-10S- Sentcni 
Novciubcr, pp. i3y-002; Uitcuniber, pp. 903-1092 

lOSl 


, pp. 







1082 


AimtOKS ISDliX 


t'KKKVV, 1). 'I’Ik! tliirt.v-.''Ovonth anmisil 
iiii'L’tiii}; of tlio Ainerii'an Uro- 
loL'ioiil Ahsooiiitioii, ])ullalo, A. 
V., Jiiiiu ijlil 

Cmi.K, (iKOiau;. Mayo.s iiiul tlicr 

work. 17'l 

Kl.l.Iorr C. Public oi.iu.m. an.) 
auiuial cxiicruacntatioii, lo— 

(Si r Abell cl al.), abo 

1 ) 

DvvjD, VKitNO.s- C. The ia.lications an.l 
results of pancreatectomy foi 
hypoglyccinia, 21- c , i 

ncltvKEV MicilAEi.. Acute perforatea 
^astroduotlLMUil ulceration, So-, 

•I O^s 

_ (Sir Oelisaer and PcBakey), 992 

jrEU;.EN’, c., AND GOODCASTlUiE, 
■^V CMiTEii. Arteriosclerosis in 

pancrcidm Keelev, 

Tons L ScHamatal studies 
fu transplautatjou of the ad- 
renal gland, 10a 

F 

FAU-IS, LA^v.<t:^;c■^, s.^. ^I<=Clure 

I’xperilaetts with tampons 
lEiUZ, made of col- 

T ^ A personal apprecia- 
Fis-S-EV, .and the.r 

Pmon, 

see), t)oj 

G 

, A Paravertebral proeame 

'^“wock in the treatment of post- 

iVi? s“ 

efal.), 353.^^^ 

6""“"''’lunrSue 

239 R A technique for 

liepavin, 61/ 

^i^fp^^tholog- g^piad Hen- 
, -R BRUCE, 

B^^'^^'^’ley® 9-t 


llEiiuEK, It. VoiiKE. A note on the re- 
liability of roentgcuograpliically 
determined pineal gland shift 
in brain tumors, 47S 
HoEiNiiEit, Paul, and Badner, David B. 

Bronehoscopie diagnosis of 
bronchial stenosis, 939 
ItoLLOMUE, Benjamin S. (See Cozen 
and Hollomhe), 408 
Holman, Emile. The anatomic and 
physiologic effects of an arteri- 
ovenous fistula, 302 
Howe, J. S. (See Cole and Howe), 19 


loiiNSTON, Charles G. Suction drain- 
age in tlie management of in- 
testinal obstruction, 715 (1?) 

.TULIAN, OK 5 IAND C. (See Dragstedt et 

K 

Kav, Eaiile B. (See Colicr et ah), 294 

Keelev, John L. (See Dunphy an 
Kceley), 105 

Kino, Don. (See Richards and King), 
■109 ■ 

Kredel, F. E. Painful scars, 9S 


LAHEY, Franic H. Spinal anesthesia: a 
controversial sub 3 ect, 1-1 (A; 
Lamont, Austin. (See Shuinacker, Jr-, 

et ah), 1 j! i .1 

Leven, N. Logan. Review of the 

twenty-third meeting of the 

American Society for Thoracic 
Surgery, Cleveland, Ohio, June 
0-8, 1940, SS5 

Levinson, S. 0. (See Keuwelt et ah), 
044 

Lockwood, John S., and Eavdin, I. S. 

The prophylactic use of sulfa- 
nilamide in abdominal surgery, 
43 

LoNGACUE, Alfred B. (See Ochsner et 
ah), 3S3 

M 

MacIntyre, Robert S. (See CoIIer et 
al ) 294 

JIANN, Frank“c. The portal cif'mdattoi 
and restoration of the 
after partial removal, —o 
Mason, Jaiies M. (See Abell e . ■)> 

Mason, Jl“f. (See “‘f ^ifw- 

McClure,^Roy D., ^'^;”;^,'g;3t;ectomy 

t'sS. 

supplies, SiS- (E) 

Mencuek, MiimiAM H- 

and Mencher), 07- 



AUTHORS INDEX 


1083 


Meyer, Herbert Wiley. Hypospadias, 
781 

Milch, Henry. The bifui-catioa opera- 
tion, 686 

Moore, Sherwood. Body-seetion radi- 
ography in malignancy of the 
lower respiratory tract, 92.4 
Morgan, Zachariah. {See Owings and 
Morgan), 662 

Morton, John J. Biopsy, 480 (£) 

— . The surgical treatment of primary 
duodenal diverticula, 265 
Murray, Samuel D. {See Ochsner et 
al.), 383 

Necheles, H. {See Neuwelt et al.), 
644 

Neuhop, Harold, and Mencher, Wil- 
liam H. The viability of the 
testis following complete sevw- 
ance of the spermatic cord, 672 
Neuwelt, F., Levinson, S. 0., Olson, 

WiLLIAAt, AND NECHELES, H. 
Further studies of hemorrhage 
and serum infusion, 644 
Nielsen, Marius. (See Asmussen et 
al.), 604 

0 

Ochsner, Alton, and DeBakey, Mi- 
chael. Surgical considerations 
of primary carcinoma of the 
lung, 992 

— , Longacre, Alfred B., and Murray, 
Samuel D. Progressive lym- 
phedema associated with recur- 
rent erysipeloid infections, 3S3 
OCKERBLAD, NELSE F., and CiVRLSON, 
Hjalmau E. Congenital hour- 
glass bladder, 665 

Olson, William. {See Neuwelt et ah), 
644 

Oppenueimer, Albert. The apophyseal 
intervertebral joints, 699 
Orr, Thomas G. {See Warvi and Orr), 
312 

OiviNOS, Jajies C., and Morgan, Zach- 
ARiAU. Solitary true diver- 
ticulum of the cecum, 662 


R 

Radner, David B. {See Holinger and 
Radner), 939 

Ravdin, I. S. The protection of the 
liver from injury, 204 
{See Lockwood and Ravdin), 43 
Reid, William Lister. Cerebral hernia- 
tion through the incisura ten- 
torii, 756 

Richards, Victor, and King, Don. 
Chordoma, 409 

Rienhofp, MTlliam Francis, Jr. The 
use of the rectus fascia for 
closure of the lower or critical 
angle of the wound in repair 
of inguinal hernia, 326 
Rigdon, R. H. a study of capillary 
permeability and inflammation 
in the skin of rabbit given ad- 
renalin, 839 
Rousselot, Louis M. The late phase 
o f congestive splenomegaly 
(Banti’s syndrome) with hema- 
temesis but without cirrhosis of 
the liver, 34 


P.vDOETT, Earl C. Osteomyelitis of the 
jaws, S21 

Pearse, Herman E., .\nd Ziegler, 
Hrolee R. Is the conservative 
treatment of infcetion or gan- 
grene in diahetie p;itients worth 
wliile? 72 

Polya, EriiENE. Simple iipparatu.s for 
the relief of some palsie.s of 
the upper extremitie.s 464 

— , Tile principlc.s and the praetiee of 
the radical operations for her- 
nia, SOI 


Searls, H. H. Report of the meeting 
of the Pacific Coast Surgical 
Association, Portland, O r e., 
April 3-6, 1940, 546 

Shu.m ACKER, Harris B., Jr., Firor, 
Warfield M., and Lamont, 
Austin. The therapeutic use of 
antitoxin in experimental teta- 
nus, 1 

Singer, J. J. Primary bronchiogenic 
carcinoma, 910 

Snell, Albert M. Nutritional disturb- 
ances in surgical iiractice, 713 
(F) 

Sperling, Louis. Aneurysm of the 
splenic artery, 633 

Spink, Wesley W. Specific therapy iu 
acute staphylococcal sepsis, 483 
(F) 

Stevenson, Je.vn. {See Carter et al.), 
5S7 

SussMAN, Ralph M. {See TourofE and 
Sussman), 739 


T 

Taffel, Max. The repair of tnicheal 
and Ijronchial defects with free 
faticia grafts, 56 

Totten, II. P. Tlie intrapcritoneal use 
of hypertonic glucose solution, 
456 

Tourokf, Arthur S. IV., .\nd Su.s.sitAN, 
Ralph M. Congenital prepy- 
loric membranous obstruction in 
a premature infant, 739 





1082 

U -nve 0'^- 

0“"^'''’’ jSaU.u, ' ■ 

’ "ml Oveir 

-rim 

* l^ 


. B ^o.B- \;;So8" “'?!|i 
Ii'*®’ Jimiy »VSea' e'”"* * 

rsrif£S,B*v»5 

lloWE, 3- 


,. finilS \ IIOWE, 3- '■ 

•10 VEUEOS C. 'Jll^i^uleetomy drain- 

,s “S...^rrs? l'''vS \ ■■“■’■ ■■''' 

B (i® cotter 

mEUEE>i ^•’ \Tteriosme \ BruEE B. ( /gee lJnn\ : 

jiis r- SSi «' •'” “' \ p,,.M 

' ™S; s-i. \ K"'""- . 

^•'-“’ 'Si '»« '* \ B.V...- “< £ 

■'”'" ’s*°'’%, (s« \ a5f«.f/„ >•»«*"■’■’■ 

.„.T.„ iSE . \ soE, S. O. i . ^ S. 

BE'‘‘ IU4 


?iaOE> |see Co^« 

roESEE, 639 


G , ijrocaine 

. ttararertett'^'^^t of P”"'' 

■toU '55 ^'. *i\e . c32 

lES. O^teieetae'®’ fee 

opernt^f ^ 

239 _ -R,. or;? ./ 


n-' O. (Sff 

»e“’' 

■;? '” - ,s« o*”" " 


.f \EEKED B- 
B0S0aCEE^^;^_ 383 

(See cotter et 

r, ■robER'I' to. ^ 

>I.\cIET'''’\ ; ogi cireulaGon 

3i.v«“\sr3S «' ”'■>• 

«■'“»■ iS" ‘ s„ K0..1 « ,j->lS 

f" ParGa^^'gaet«"f“®^' 

“ sriS- f "& 

Tra.rEE „ 

-l\’n .lAA-'l „rm 


039 "R ^ O"? -f 

.»>>'‘SSS»''£S <£•,“,; \ '°"V ,.n w 

f° ot -BE^«- 16®°*“^ mv and \ M'®®"-’ 593 / see ^Voo<i et ai.)^ 

'-.S' Vt» f 

5SI®' “ «»'l£ .i-'.i!;,. »,p« 

® -O a3P««f® 

Bfii''"- f ttte 'f'’"' 

■ji/VEES'^ ’eareinonn ^,aVnrn|g^ ^E) 

_T«cnsvj anil ^ 



SUBJECT INDEX* 

Book reviews are indicated by (B. Kev.) after the page 
after the page number. 


A 

Abdomen, chronic disease of, S97 (B. 

Hev.) 

Abdominal surgery, prophylactic use of 
sulfanilamide • in (Lockwood 
and Ravdin), 43 

Adrenal gland, experimental studies in 
transplantation of (Dunphy 
and Keeley), 105 

Adrenalin, skin of rabbit given, study 
of capillary permeability and 
inflammation in (Bigdon), 839 

Adhesions, prevention of, intraperitoneal 
use of hypertonic glucose solu- 
tion (Totten), 450 

Alimentary tract, surgery of, S9S (B. 
Rev.) 

American Association of Genitourinary 
Surgeons, Fifty-second annual 
meeting of, Skytop, Pa., June 
20-22, 1940 (Creevy), 557 

Medical Association, Section of Sur- 
gery of, review of (Barrow), 
535 

Orthopaedic Association, report of 
meeting of, Kansas City, Mo., 
May 6-9, 1940 (Caldwell), 550 

Society for Thoracic Surgery, review 
of twenty-third meeting of, 
Cleveland, Olrio, June 6-8, 1940 
(Leven), 885 

Surgical Association, review of meet- 
ing of (Bisgaxd), 523 

Urological Association, thirty-seventh 
annual meeting of, Buffalo, N. 
Y., June 24-27, 1940 (Creevy), 
561 

Amputation, leg, in diabetic patients 
(Pearse and Ziegler), 76 

Anatomy, surgical, synopsis of, 571 (B. 
Rev.) 

Anesthesia, hazards and complications 
(Beecher), 149 
for lobectomy (Blades), 726 
organic effects of (Beecher), 125 
some current problems of (Beecher), 
125, 4S7 

special fields of (Boechcr), 140 
.spinal (Lahcy), 121 (J?) 

Aneurysm of siflenie artery (Sperling), 
633 

Angina, von Ludwig’s (Trout), 1024 

(A ) 

Animal experimentation, public opinion 
and (Cutler), 1S2 


number; editorials by (B) 


Animals, rules regarding, in experimen- 
tation (Cutler), 186 
Ankles, sprained, ethyl chloride spray 
for (Lewis and Cozen), 468 
Antitoxin, therapeutic use of, in experi- 
mental tetanus (Shumacker, Jr., 
et ah), 1 

Apophyseal intervertebral joints (Oppen- 
heimer), 699 

Apparatus, improved, for tidal drainage 
of urinary bladder and empy- 
ema cavities (Beilis), 791 
Arteriosclerosis in pancreatic diabetes 
(Dragstedt et ah), 353 
Arteriovenous fistula, anatomic and 
physiologic effects of (Hol- 
man), 362 

Artery, common femoral, tumor embolism 
of, treated by embolectomy and 
heparin (Groth), 617 
cystic (Browne), 438 
gastroduodenal (Browne), 429 
hepatic, and branches, variations in 
origin and course of (Browne), 
424 

left hepatic (Browne), 432 
right gastric (Browne), 431 
hepatic (Browne), 434 
splenic, aneurysm of (Sperling), 633 
supraduodenal (Browne), 430 
Arthritis (Oppenheimer), 702 
Aspiration biopsy and sputum examina- 
tion, diagnosis of malignant 
tumors by (Graver), 947 
technique of (Graver), 953 
collection of material obtained by 
(Graver), 957 

Atelectasis, postoperative, paravertebral 
procaine block in treatment of 
(Gius), 832 

B 

Bacteriology, textbook of, 901 (B. Rev.) 
Banti’s syndrome, late phase of, with 
hematemesis but without cirrho- 
sis of liver (Rousselot), 34 
Bifurcation operation (Milch), 680 
Bilateral femoral fi.stulas, effects of 
(Hobnan), 375 

Biliary lesions, usual extrahepatic, sur- 
gical management of (Allen), 


Biochcmi.stry of disea.se, 002 (B. Rev.) 

'July. Pl>. I-IGS ; Ausmit. pp. iG'J-tOS; SoDtember, pp. l0S-57t • October dd Sw: ?•)« . 
November, pp. December, jip. 003-1092. * ’ ^*’’“‘38, 


loss 



10S4 


AUTHOKS INDEX 


Tliour, Uuou ir. Von Lviilwig’s angina, 
1024 (fi) 

Ttri!Ki,L, UoHKitT. Kaiiiation tlicrajn- for 
recurrent .‘iaerococcygcal cysts 
ami sinuses, 40!) 

V 

Vkumkuj.E.V, C. (See Dragstedt et al,), 
053 

Vest, Sajiuee A. Perineal prostatec- 
tomy, 70S 

W 

Wakobesteex, Owen' II. The problem 
of surgical arrest of massive 
hemorrhage in duodenal nicer, 
275 

— , Tho Society of IJniversity Surgeons 
and the need for a surgical 
forum, IIS (E) 


Wahvi, \Ve.si,ev N., and Ork, Tnoji.vs 
G. Internal supravesical her- 
nias, 312 

Welnstein, Veiinon a. Subdiaphrag- 
luatic (perirenal) extension of 
staphylococcic empyema, 64S 

WinwLE, Allen 0. The use of the 
lliller-Abbott tube in the sur- 
gery of the large bowel, 2S9 

Wood, George O., IIason, M. P., and 
Bl.vlocic, Alfred. Studies on 
the effects of the inhalation of 
a high concentration of oxygen 
in experimental shock, 247 

Z 

ZtEOLER, IIi’.OLPE E. (See Pearse and 
Ziegler), 72 

ZOLLiNOEK, Hobert. Gastric resection 
with removal of the fundus in 
tho treatment of duodenal ulcer. 
79 



SUBJECT INDEX-'' 

Book reviews are indicated by (B. Rev.) after the page number; editorials by (JS) 
after the page number. 


A 

Abdomen, chronic disease of, 897 (B. 
Rev.) 

Abdominal surgery, prophylactic use of 
sulfanilamide ■ in. (Lockwood 
and Ravdin), 43 

Adrenal gland, experimental studies in 
transplantation of (Dunphy 
and Keeiey), 105 

Adrenalin, skin of rabbit given, study 
of capillary permeability and 
inflammation in (Rigdon), 839 

Adhesions, prevention of, intraperitoneal 
use of hypertonic glucose solu- 
tion (Totten), 456 

Alimentary tract, surgery of, 898 (B. 

Rev.) I 

American Association of Genitourinary 
Surgeons, Fifty-second annual 
meeting of. Sky top. Pa., June 
20-22, 1940 (Creevy), 557 
Medical Association, Section of Sur- 
gery of, review of (Barrow), 
535 

Orthopaedic Association, report of 
meeting of, Kansas City, Mo., 
May 6-9, 1940 (Caldwell), 550 
Society for Thoracic Surgery, review 
of twenty-third meeting of, 
Cleveland, Ohio, June 6-S, 1940 
(Leven), 885 

Surgical Association, review of meet- 
ing of (Bisgard), 523 
Urological Association, thirty-seventh 
annual meeting of, Buffalo, N. 
Y., June 24-27, 1940 (Creevy), 
561 

Amputation, leg, in diabetic patients 
(Pearse and Ziegler), 76 

Anatomy, surgical, synopsis of, 571 (B. 
Rev.) 

Anesthesia, hazards and complications 
(Beecher), 149 
for lobectomy (Blades), 726 
organic effects of (Beecher), 125 
some current problems of (Beecher), 
125, 4S7 

special fields of (Beecher), 140 
spinal (Lahey), 121 (£) 

Aneurysm of splenic artery (Sperling), 
633 

Angiua, von Ludwig’s (Trout), 1024 

(^) 

Animal experimentation, public opinion 
and (Cutler), 182 


Animals, rules regarding, in experimen- 
tation (Cutler), 186 
Ankles, sprained, ethyl chloride spray 
for (Lewis and Cozen), 468 
Antitoxin, therapeutic use of, in experi- 
mental tetanus (Shumacker, Jr., 
et al.), 1 

Apophyseal intervertebral joints (Oppen- 
Iieimer), 699 

Apparatus, improved, for tidal drainage 
of urinary bladder and empy- 
ema cavities (Beilis), 791 
Arteriosclerosis in pancreatic diabetes 
(Dragstedt et al.), 353 
Arteriovenous fistula, anatomic and 
physiologic effects of (Hol- 
man), 362 

Artery, common femoral, tumor embolism 
of, treated by embolectomy and 
heparin (Groth), 617 
cystic (Browne), 438 
gastroduodenal (Browne), 429 
hepatic, and branches, variations in 
origin and course of (Browne), 
424 

left hepatic (Browne), 432 
right gastric (Browne), 431 
hepatic (Browne), 434 
splenic, aneurysm of (Sperling), 633 
supraduodenal (Browne) , 430 
Arthritis (Oppenheimer), 702 
Aspiration biopsy and sputum examina- 
tion, diagnosis of malignant 
tumors by (Graver), 947 
technique of (Graver), 953 
collection of material obtained by 
(Graver), 957 

Atelectasis, postoperative, paravertebral 
procaine block in treatment of 
(Gius), 832 

B 

Bacteriology, textbook of, 901 (B. Rev.) 
Banti’s syndrome, late phase of, with 
liematemesis hut without cirrho- 
sis of liver (Rousselot), 34 
Bifurc.ation operation (hlilch), 686 
Bilateral femoral fistulas, effects of 
(Holman), 375 

Biliary lesions, usual extrahepatic, sur- 
gical management of (Allen), 
188 

Biochemistry of disease, 902 (B. Rev.) 


•.July, UP- 1-^G^ Autmst, pp, 16U— JOS: ScDlember, pp .109-57-1 • Octohop ---- 
November. PP. 739-302; December, pp. 303 - 1092 . ’ PP- O<o- 

1085 


SUI5.1KCT ISIJI-X 


lOSC) 

u\(.i,sv (M»rtoiO, niaVit'nunt 

• ,.,rv iiuil , fur tiilul 

unuiir.N, •> .ii)i>aratuh 

‘uc (BeUis), 7UV 

ivrii;ivtiou of ;juiue, in ‘''fV. 

Block, l«"'=^''"^''‘ur'\iostopcriUivc ate cl 

;^.(«-=9>^ffn.cturo. a«a 
Bone ami llov.) ,g 

lOTT-lOSl) 

, iMf'e, surgery o^’ ^yvippio), 2S0 

n"”'’ i *■" >«“'“■ 

Brain, of roent- 

»”»%is.t>S3iis=5,-i5 

»,l gland =^'“^ , a efeet^^, tepa.r 

r'Sc 

/n’.xfYel), ♦, 

BronclnecUi»>s, 

■ ,nic carcinoma, p 

Bronclin’^'- broncliiat 

diagno®'®. ,a Bad- 

Bronciioscopic^uma^SoUnger -> 

ner), 

^ t treatment of 

aU 

f,enoniena> ® IrroncUoscopi' 

^ B*'-\,,oncliial. ^^Unger and 

Ca^einon'-.^g ris^of ^ 

Badne ^ cai'diai' 1 ppago- 
„astrostom5 


gastrostomj ^^jul- 

587 ,,olomo aspect® 

(Ocl'saet an pa23 ' 


of te' 


pri' 


•nipm“‘''o94 

lectnni, tf'”coBct 91” 

r troiWe-- et 

naatyjl^ ti’?®* 


Cardiac portion “^^°"''‘ut, uaMpleural 

et ■'*?' u aivertieulnm of 

nd l^;^l.f^tant 
Cerebellar ^1^ ‘ivitl* secondary 

- nledus (Cobleiitz), 7/1 

Uydroceplmlus ^ incisura teu- 
CercbralUcrn.at.o. 

torn (Keio;>. gev.) 

Chemistry and "’®‘"^pra’ktischen 

Ckirurgio. je, ^de- 

CUordoni^Smds ^ of 

Cireulation,^portd,^^a ^.^uro^al 

(Mann), 225^. f^erent postnres 

regulation ot, . all. 604 

° (Asmiissen et al.)^^^ 

Cirrliosis of ^re^aly with ’'e"tateim 

tive -fimnt (Kousselot), 3-i 

esisbntivitlon « (Heck), 

Plinical patliologist, trai 

4S1 (E) ^,ur in Spain, 

Closed metliod as used n and 

treatment of "JJ^cial reference 
fractures, wini i 

\°’r5t,Tn o^n^iage (Bell and 
ColectomM^^= Blr tampons and 

'ftonrclass bladder (Ockerblad 

Coogootta^WflfS^of testis fd- 
Cord, spermatm, viad severance^ of 

1:*; TibiS^ 

^‘^'■‘^“TsO, 165 (B. EmO 
C-stic artery (Bto'-ieB^f^^ .acrococcy- 

eVsts and sinusc^^.^^ therapy ^or 

fee^is and Hollombe), 169 

D 

Denth, fetal ««'! "("''“(rtMioeeleteale iu 

s*“%sssr'..3.;>; J’. ...at- 

B--s;rs;&S^»p'.sr3 
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Disease, bioehemistry of, 902 (B. Rev.) 
pancreatic, clinical relationship of, to 
fatty infiltration, of liver (Cole) , 

716 (B) 

Diseases of abdomen, chronic, S97 (B. 
Rev.) 

internal, pathology of, 1078 (B. Rev.) 

Dislocations, fractures, and epiphyseal 
separations, 572 (B. Rev.) 

Diverticulum, primary duodenal, surgical 
treatment of (Morton), 265 
solitary true, of cecum (Owings and 
Morgan), 662 

Drainage, suction, in management of in- 
testinal obstruction (Johnston), 
715 (B) 

Duodenal diverticula, primary, surgical 
treatment of (Morton), 265 
ulcer, gastric resection with removal 
of fundus in treatment of (Zol- 
linger), 79 

problem of surgical arrest of mas- 
sive hemorrhage in (Wangen- 
steen), 275 

E 

Editorials, 118, 121, 480, 481, 4S3, 713, 
715, 716, 848, 1024 
Embolectomy and heparin, tumor embo- 
lism of common femoral artery 
treated by (Groth), 617 
Embolism, tumor, of common femoral 
artery treated by embolectomy 
and lieparin (Groth), 617 
Empyema cavities, new apparatus for 
tidal drainage of urinary blad- 
der and (Beilis), 791 
staphylococcic, subdiaphragraatic (peri- 
renal) extension (Weinstein), 
648 

thoracic (Beilis), 792 
Entziindungshestrahluug, die, 1079 (B. 
Rev.) 

Epigastric hernia (Bolya), 812 
Epiphyseal separations, fractures, dislo- 
cations and, 572 (B. Rev.) 
Erb’s palsy (Polya), 466 
Erysipeloid infections, recurrent, pro- 
gressive lymphedema associated 
with (Ochsner ct al.), 3S3 
E.sophagogastrostomy, transpleural, for 
carciuonia of esophagus and 
cardiac portion of stomach 
(Carter et al.), 587 

Esopliagus, carcinoma of, and cardiac 
portion of stomaeli, transpleural 
esophagogastrostomy for (Car- 
ter et a).), 5S7 

Ethyl chloride spray for sprained ankles 
(Cozen and Hollomhe), 46S 
Experimentation, animal, public opinion 
and (Cutler), 1S2 

Extrahepatic biliary lesions, surgic.al 
management of usual (Allen), 
ISS ” 

lesions, miture of (Roussclot), 35 


Extremities, upper, simple apparatus for 
relief of some palsies of 
(Polya), 464 

E 

Fascia grafts, free, repair of tracheal 
and bronchial defects with 
(Taffel), 56 

rectus, use of, for closure of lower 
or critical angle of wound in 
repair of inguinal hernia (Rien- 
hoff, Jr.), 326 

Fatty infiltration of liver, clinical rela- 
tionship of pancreatic disease 
to (Cole), 716 (B) 
liver and pancreatic fibrosis (Cole and 
Howe), 19 

Femoral artery, common, tumor embo- 
lism of, treated by embolectomy 
and heparin (Groth), 617 
fistulas, bilateral, effects of (Holman), 
375 

hernias (Polya), 820 
Fetal and neonatal death, 166 (B. Rev.) 
Fibrosis, pancreatic, and fatty liver 
(Cole and Howe), 19 
Fistula, arteriovenous, anatomic and 
physiologic effects of (Hol- 
man), 362 

bilateral femoral, effects of (Holman), 
375 

Foot, operations on, in diabetic patients 
(Pearse and Ziegler), 74 
Fractures and other bone and joint in- 
juries, 899 (B. Rev.) 
dislocations, and epiphyseal separa- 
tions, 572 (B. Rev.) 
treatment of war wounds and, with 
special reference to closed meth- 
od aa used in war in Spain, 901 
(B. Rev.) 

Fundus, gastric resection with removal 
of, in treatment of duodenal 
ulcer (Zollinger), 79 

G 

Gangrene or infection in diabetic pa- 
tients, is conservative treatment 
of, worth while (Pearse and 
Ziegler) i 72 

Gastrectomy, partial, for peptic ulcer 
(McClure and Fallis), 575 
total, technique for (Graham), 257 
Gastric artery, right (Browne), 431 
resection with removal of fundus in 
tre.itment of duodenal ulcer 
(Zollinger), 79 

Gastroduodenal artery (Browne), 429 
ulceration, acute perforated (De- 
Bakey), 852, 1028 

Gastroenterology, introduction to, 898 
(B. Rev.) 
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Shock and other problems, principles of 
surgical care, 736 (B. Eev.) 
and related capillary phenomena, 570 
(B. Eev.) 

experimental, studies on eiieets of in- 
halation of high concentration 
of oxygen in (Wood et al.),247 
Sinuses, recurrent sacrococcygeal cysts 
and, radiation therapy for 
(Lewis and Hollombe), 469 
Skin of rabbit given adrenalin, study 
of capillary permeability and 
inflammation in (Eigdon), S39 
Skull, brain, and spinal cord, injuries 
of, 738 (B. Eev.) 

Solution, liypertonic glucose, intraperi- 
toneal use of (Totten), 456 
Spain, war in, treatment of war wounds 
and fractures, with special ref- 
erence to closed method used 
in, 901 (B. Eev.) 

Spermatic cord, viability of testis fol- 
lowing complete severance of 
(Neuhof and Mencher), 672 
Spinal anesthesia (Lahey), 121 (E) 
cord, skull, and brain, injuries of, 738 
(B. Eev.) 

Spleen, cavernous hemangioma of (Cole 
and Forsee), 639 

Splenic artery, aneurysm of (Sperling), 
633 

Splenomegaly, congestive, late phase of, 
with hematemesis but without 
cirrhosis of liver (Kousselot), 
34 

Sprained ankles, ethyl chloride spray for 
(Cozen and Hollombe), 468 
Spray, ethyl chloride, for sprained ankles 
(Cozen and Hollombe), 468 
Sputum examination, diagnosis of malig- 
nant lung tumors by aspiration 
biopsy and (Craver), 947 
Staphylococcal sepsis, acute, specific 
therapy in (Spink), 483 
Staphylococcic empyema, subdiaphrag- 
matic (perirenal) extension of 
(Weinstein), 648 

Sterile surgical supplies (Jleleney), 848 

(E) 

Stomach, cardiac portion of, carcinoma 
of, and esophagus, transpleural 
esopliagogastrostomy for (Car- 
ter et ah), SS7 

Subdiaphragraatic (perirenal) extension 
of staphylococcic e ra p y e m a 
(Weinstein), 648 

Subdural hematoma, cerebellar, in in- 
fant 2 weeks old with secondary 
hydrocephalus (Coblentz), 771 
Suction drainage in management of in- 
testinal obstruction (Johnston), 
715 (E) 

Sulfanilamide in peritonitis (Lockwood 
and Ravdin), 45 

prophylactic use of, in abdominal sur- 
gery (Lockwood and Kavdin), 


Supraduodenal artery (Browne), 430 

Supravesical hernias, internal (Warvi 
and Orr), 312 

Surgery, abdominal, prophylactic use of 
sulfanilamide in (Lockwood and 
Eavdin), 43 

general, 1939 yearbook of, 167 (B. 
Eev.) 

minor, 737 (B. Eev.) 
of alimentary tract, 898 (B. Eev.) 
of injury and plastic repair work, 899 
(B. Eev.) 

of large bowel, use of hliller-Abbott 
tube in (Whipple), 289 
operative, 737 (B. Eev.) 

synopsis of, 573 (B. Eev.) 
recent advances in, department of, 125, 
487, 719, 852, 1028 
textbook of, 735 (B. Eev.) 

Surgical anatomy, sjTiopsis of, 571 (B. 
Eev.) 

care, principles of, shock and other 
problems, 736 (B. Eev.) 
forum. Society of University Surgeons 
and need for (Wangensteen), 
118 (E) 

management of usual extrahepatic bil- 
iary lesions (Allen), 188 
practice, nutritional disturbances in 
(Snell), 713 (E) 

supplies, sterile (hleleney), 848 (E) 

Syndrome, Banti’s, late phase of, with 
hematemesis but without cir- 
rhosis of liver (Rousselot), 34 
pancreaticohepatic (Cole and Howe), 
19 

T 

Tampons and membranes made of col- 
lagen, experiments with (Feriz), 
654 

Testis, viability of, following complete 
severance of spermatic cord 
(Neuliof and hlencher), 672 

Tetanus, e.xperimental, therapeutic use 
of antitoxin in (Shumacker, 
Jr., et ah), 1 

Thoracic empyema (Beilis), 792 

Tidal drainage of urinary bladder and 
empyema cavities, new appara- 
tus for (Bellia), 791 

Tracheal and bronchial defects, repair 
of, with free fascia grafts 
(TalTcl), 56 

Transpleural esopliagogastrostomy for 
carcinoma of esophagus and 
cardiac portion of stomach 
(Carter et ah), 5S7 

Tuberculosis, pulmonary, artificial pneu- 
mothorax, its practical applica- 
tion in treatment of, 90'’ (B 
Rev.) 
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